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&RQWHQWV�

�
6XPPDU\ ������������������������������������������������������������������������������������������������������������������������������������ ��
��� ,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������������������� ��
��� %DFNJURXQG����������������������������������������������������������������������������������������������������������������������� ��
��� 2EMHFWLYHV ������������������������������������������������������������������������������������������������������������������������� ��
��� 0HWKRGV ���������������������������������������������������������������������������������������������������������������������������� ��
��� (QYLURQPHQWDO�DQG�(FRQRPLF�,PSDFW�RI�)HUDO�3LJV ��������������������������������������������������������� ��

���� /HJDO�VWDWXV�RI�IHUDO�SLJV ����������������������������������������������������������������������������������������� ��
���� +LVWRU\�RI�SLJ�SRSXODWLRQV�±�7H�8UL�DUHD����������������������������������������������������������������� ��
���� 3LJ�LPSDFWV�RQ�ELRGLYHUVLW\ ������������������������������������������������������������������������������������� ��
���� 3LJ�LPSDFWV�RQ�SURGXFWLRQ�YDOXHV���������������������������������������������������������������������������� ��
���� 5ROH�RI�IHUDO�SLJV�LQ�PDLQWDLQLQJ�ERYLQH�WXEHUFXORVLV��7E� ���������������������������������� ���
���� %HQHILWV�RI�SLJ�FRQWURO������������������������������������������������������������������������������������������� ���

��� &RQWURO�2SWLRQV �������������������������������������������������������������������������������������������������������������� ���
���� 6WUDWHJLF�RSWLRQV�IRU�PDQDJLQJ�IHUDO�SLJV�������������������������������������������������������������� ���
���� &KRLFH�RI�FRQWURO�PHWKRGV ������������������������������������������������������������������������������������ ���

��� 0DQDJHPHQW�2SWLRQV������������������������������������������������������������������������������������������������������ ���
��� ,PSOLFDWLRQV�IRU�7H�8UL�6LWH �������������������������������������������������������������������������������������������� ���
��� )LQGLQJV�DQG�'LVFXVVLRQ ������������������������������������������������������������������������������������������������� ���
���� 5HFRPPHQGDWLRQV����������������������������������������������������������������������������������������������������������� ���
���� $FNQRZOHGJHPHQWV��������������������������������������������������������������������������������������������������������� ���
���� 5HIHUHQFHV����������������������������������������������������������������������������������������������������������������������� ���
�
�
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6XPPDU\�

�
3URMHFW�DQG�&OLHQW�
7KLV� UHSRUW� FRQWDLQV� DGYLFH� UHTXHVWHG� E\� WKH� +DZNH¶V� %D\� 5HJLRQDO� &RXQFLO� RQ� IHUDO� SLJ�
LPSDFWV� DQG� FRQWURO� RSWLRQV� DQG� IXQGHG� E\� WKH� )RXQGDWLRQ� RI� 5HVHDUFK�� 6FLHQFH� DQG�
7HFKQRORJ\�(QYLUROLQN� VPDOO� DGYLFH� JUDQW�� ,W� LV� RXWVLGH� WKH� VFRSH� RI� WKLV� UHSRUW� WR� LQFOXGH�
VLWH�VSHFLILF� UHFRPPHQGDWLRQV� VR� WKH� LQIRUPDWLRQ� LQFOXGHG� KHUH� LV� JHQHULF� ZLWK� OLPLWHG�
LQIRUPDWLRQ�RQ�WKH�VLWH�VSHFLILF��7H�8UL�DUHD��SLJ�SUREOHP�SUHVHQWHG�LQ�VHFWLRQ����
�
2EMHFWLYHV�
•� 2XWOLQH�WKH�HQYLURQPHQWDO�DQG�HFRQRPLF�LPSDFWV�RI�IHUDO�SLJV��
•� 3UHSDUH�D�FRPSUHKHQVLYH�RXWOLQH�RI�WHFKQLFDO�RSWLRQV�IRU�LQLWLDO�DQG�PDLQWHQDQFH�FRQWURO�

RI�IHUDO�SLJV��
•� 2XWOLQH�FXUUHQW�LVVXHV�RI�LPSDFW�PRQLWRULQJ�DQG�FRPSOLDQFH�ZLWK�UHJDUG�WR�IHUDO�SLJV��
�
0HWKRGV�
•� 7KLV� UHSRUW� LV� EDVHG� RQ� FXUUHQW� OLWHUDWXUH�� ILHOG� H[SHULHQFH� RI� WKH� DXWKRU� LQ� SLJ� FRQWURO�

PHWKRGV��DQG�WKH�LQLWLDO�ILQGLQJV�RI�D�UHFHQW��������SLJ�FRQWURO�SURJUDPPH�FRQGXFWHG�E\�
D�1RUWK�&DQWHUEXU\�/DQGFDUH�*URXS��$GGLWLRQDO� LQIRUPDWLRQ� VXSSOLHG�E\�+DZNH¶V�%D\�
5HJLRQDO�&RXQFLO�ZDV�XVHG�ZKHUH�UHTXLUHG�WR�DGG�PRUH�VSHFLILF�UHFRPPHQGDWLRQV��

�
)LQGLQJV�DQG�'LVFXVVLRQ�
•� ,QFUHDVLQJ�SLJ�SRSXODWLRQV�RQ�ERWK�FRQVHUYDWLRQ�DQG�SURGXFWLRQ�ODQGV�KDYH�EHFRPH�PRUH�

RI�DQ�LVVXH�WKURXJKRXW�1HZ�=HDODQG�VLQFH�WKH�ODWH�����V��7KLV�FDQ�EH�DWWULEXWHG�WR�PDQ\�
IDFWRUV�LQFOXGLQJ�VXFK�WKLQJV�DV�FKDQJHV�LQ�KDELWDW��UHGXFWLRQ�LQ�KXQWLQJ�SUHVVXUH��QHZO\�
HVWDEOLVKHG� SRSXODWLRQV�� ODFN� RI� D� FRPPHUFLDO� PDUNHW�� JXLGHG� KXQWLQJ�� DQG� SHUKDSV�
ZDUPHU�ZLQWHUV�LQFUHDVLQJ�SLJ�VXUYLYDO���

•� :LWK� LQFUHDVLQJ� SRSXODWLRQV� LPSDFWV� RI� IHUDO� SLJV� RQ� IDUPODQG�� IRUHVWU\�� DQG� WKH�
FRQVHUYDWLRQ�HVWDWH�KDYH�EHFRPH�QRWLFHDEOH��:KLOH�VRPH�LPSDFWV�KDYH��DQG�DUH�OLNHO\�WR�
DOZD\V� EH�� SUHVHQW� LQ� DUHDV� RI� WUDGLWLRQDOO\� KLJK� SLJ� SRSXODWLRQV�� QHZO\� HVWDEOLVKHG�
SRSXODWLRQV� RU� SRSXODWLRQV� LPSDFWLQJ� RQ� LQWHQVLYH� SURGXFWLRQ� IDUPODQG� DUH�PRUH� RIWHQ�
VHHQ�DV�D�QXLVDQFH�WKDW�QHHGV�WR�EH�FRQWUROOHG��

•� $�ZLGH� UDQJH�RI� FRQWURO� WRROV�DOUHDG\�H[LVW� DQG�KDYH�EHHQ�XVHG� WR� VXFFHVVIXOO\�FRQWURO�
DQG�HUDGLFDWH�SLJV�LQ�RWKHU�FRXQWULHV�DQG�IURP�ORFDO�DUHDV�ZLWKLQ�1HZ�=HDODQG��7KH�QHHG�
WKHQ�� LV�QRW�VR�PXFK�IRU�QHZ�WHFKQLTXHV��EXW� WR�HYDOXDWH�DQG�WHVW� LQ�1HZ�=HDODQG�WKHVH�
H[LVWLQJ� PHWKRGV�� &RQWURO� DQG� HYHQ� ORFDO� HUDGLFDWLRQ� RI� IHUDO� SLJV� LQ� PDQ\� DUHDV� LV�
DFKLHYDEOH� SURYLGHG� WKH� VWUDWHJLF� RSWLRQV� DQG� WHFKQLFDO� FRQVLGHUDWLRQV� RXWOLQHG� LQ� WKLV�
GRFXPHQW� DUH� PHW�� $Q\� VSHQGLQJ� RQ� FRQWURO� ZRXOG� KDYH� WR� EH� MXVWLILHG� LQ� D� VWUDWHJLF�
PDQDJHPHQW�SODQ�WKDW�VKRXOG�LQFOXGH�DQ�DVVHVVPHQW�RI�WKH�SUREOHP��D�SODQ�RI�DFWLRQ�DQG�
LPSOHPHQWDWLRQ��DQG�D�PHWKRG�RI�HYDOXDWLRQ�DQG�PRQLWRULQJ�ERWK� WKH�PDQDJHPHQW�SODQ�
LPSOHPHQWDWLRQ�DQG�WKH�UHGXFWLRQ�LQ�SLJ�LPSDFWV���

•� 7KHUH�LV�QR�HVWDEOLVKHG�DQG�DFFHSWHG�PHWKRGRORJ\�IRU�YDOXLQJ�FRQVHUYDWLRQ�EHQHILWV��DQG�
SURGXFWLRQ�ORVVHV�DUH�SRRUO\�GHILQHG�DQG�TXDQWLILHG��7KLV�XQFHUWDLQW\�PDNHV�DQ\�GHFLVLRQ�
RQ� ZKHUH� DQG� KRZ� IUHTXHQWO\� WR� FRQWURO� SLJV�� DQG� RQ� KRZ� PXFK� WR� VSHQG� GRLQJ� VR��
GLIILFXOW�� -XVWLI\LQJ� SLJ� FRQWURO� LQ� PDQ\� DUHDV� LV� GLIILFXOW�� DV� SLJ� FRQWURO� PD\� KDYH� DQ�
RSSRUWXQLW\�FRVW�E\�WDNLQJ�IXQGV�IURP�FRQWURO�RI�RWKHU�SHVWV�ZKRVH�LPSDFWV�DUH�NQRZQ��,W�
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LV� OLNHO\� WKDW� SURJUHVVLYH� LPSURYHPHQW� LQ� PDQDJHPHQW� RI� SLJV� ZLOO� QHHG� WR� EH�
XQGHUSLQQHG�E\�D�SURJUDPPH�RI�RQJRLQJ�UHVHDUFK�WR�LGHQWLI\�FRVW�HIIHFWLYH�WRROV�IRU�SLJ�
FRQWURO�DQG�WR�PRQLWRU�WKH�RXWFRPHV�RI�DQ\�FRQWURO�XQGHUWDNHQ��

�
5HFRPPHQGDWLRQV�
•� $�VLWH�VSHFLILF�VWUDWHJLF�FRQWURO�SODQ�VKRXOG�EH�SUHSDUHG�DV�D�PHGLXP�(QYLUROLQN�$GYLFH�

SURMHFW��
•� 7KH� UHODWLRQVKLS�EHWZHHQ�SLJ�GHQVLW\�DQG� WKHLU� LPSDFWV� VKRXOG�EH�GHWHUPLQHG� WR�HQDEOH�

WDUJHW�GHQVLWLHV�WR�EH�VHW��
•� 3LJ� FRQWURO� VKRXOG� EH� LQLWLDWHG� RQFH� D� VLWH�VSHFLILF� VWUDWHJLF� SODQ� LV� DSSURYHG� DQG� DOO�

SDUWLHV� LQYROYHG� DJUHH� RQ� KRZ� EHVW� WR� PHDVXUH� SLJ� LPSDFWV� DJDLQVW� DQ� DJUHHG� VHW� RI�
RSHUDWLRQDO�DQG�SHUIRUPDQFH�PHDVXUHV��
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��� ,QWURGXFWLRQ�

�
7KLV� UHSRUW� ZDV� UHTXHVWHG� E\� WKH� +DZNH¶V� %D\� 5HJLRQDO� &RXQFLO� DV� DQ� (QYLUROLQN� VPDOO�
DGYLFH� JUDQW� LQ� UHVSRQVH� WR� FRQFHUQV� UDLVHG� E\� ODQGRZQHUV� VXUURXQGLQJ� D� �����KD� DUHD� RI�
(UQVODZ�)RUHVW�LQ�WKH�7H�8UL�DUHD��7KH�ODQGRZQHUV¶�FRQFHUQV�UHODWH�WR�SLJ�LPSDFWV�RQ�SDVWXUH�
DQG�VWRFN��7KH�IHUDO�SLJV��6XV�VFURID��KDYH�DSSDUHQWO\�RQO\�EHHQ�D�SUREOHP�VLQFH������DQG��LW�
EHLQJ�D�UHODWLYHO\�QHZ�LQYDVLRQ��IDUPHUV�DUH�NHHQ�WR�HUDGLFDWH�SLJV�IURP�WKHLU�SURSHUWLHV�DQG�
UHGXFH�WKH�FKDQFHV�RI�UHLQYDVLRQ��7KH�ODQGRZQHUV�KDYH�LQGLFDWHG�D�ERXQGDU\�WR�WKH�DUHD�WKH\�
ZRXOG�OLNH�WR�VHH�LQWHQVLYHO\�PRQLWRUHG��7H�8UL�5G���
�

��� %DFNJURXQG�

�
7KH�LVVXH�RI�IHUDO�SLJ�LPSDFWV�RQ�IDUPLQJ�SURSHUWLHV�KDV�EHHQ�DQ�RQJRLQJ�FRQFHUQ�HVSHFLDOO\�
ZKHUH�UHODWLYHO\�LQWHQVLYH�IDUP�RSHUDWLRQV�DUH�ERUGHUHG�E\�ZKDW� LV�VHHQ�DV�D�SLJ�µKDYHQ¶�RU�
FRUULGRU� WKDW� HQDEOHV� SLJV� WR� KDYH� UHDG\� DFFHVV� WR� DGMDFHQW� IDUPODQG�ZKHUH� WKH\� FDQ� FDXVH�
VLJQLILFDQW� LPSDFWV�RQ�SDVWXUH��5HFHQWO\� �VLQFH� WKH� ODWH�����V��SLJ�QXPEHUV� DSSHDU� WR�KDYH�
LQFUHDVHG�DQG�WKHLU�LPSDFWV�KDYH�EHHQ�PRUH�YLVLEOH�DQG�RQ�D�VFDOH�QRW�VHHQ�VLQFH�WKH�����V�
ZKHQ�RIILFLDO�SLJ�FRQWURO�ZDV�FDUULHG�RXW��0DQ\�UXUDO�FRPPXQLWLHV�DUH�QRZ�IDFLQJ�SUREOHPV�
ZLWK�SLJ�LPSDFWV�DQG�µPXUPXULQJV¶�RI�D�GHVLUH�IRU�SLJ�FRQWURO�DUH�EHFRPLQJ�PRUH�FRPPRQ��
�
:KLOH�VRPH�SURSHUW\�RZQHUV�KDYH�D�VKDUHG�FRQFHUQ�WKDW�IHUDO�SLJV�KDYH�D�QHJDWLYH�LPSDFW�RQ�
FRQVHUYDWLRQ� DQG� SURGXFWLRQ� YDOXHV�� RWKHUV� VHH� WKHP� DV� D� UHVRXUFH� WR� EH� KDUYHVWHG�� 7KHVH�
FRQIOLFWLQJ�YDOXHV�FDQ�FUHDWH�WHQVLRQ�LQ�ORFDO�IDUPLQJ�FRPPXQLWLHV��PDNLQJ�LW�PRUH�GLIILFXOW�
WR�GHYHORS�FRPPXQLW\�EDVHG�PDQDJHPHQW�SODQV��5HFHQWO\�WKH�DXWKRU�KDV�EHHQ�ZRUNLQJ�ZLWK�
RQH� VXFK� FRPPXQLW\� �WKH� &RDVWDO� &RQZD\� /DQGFDUH� *URXS� ±� &&/*�� WR� HVWDEOLVK� DQG�
LPSOHPHQW�D�FRQWURO�SODQ�IRU�IHUDO�SLJV��6RPH�RI�WKH�DGYLFH�JLYHQ�WR�WKLV�JURXS�DQG�WKH�UHVXOWV�
RI�LPSOHPHQWDWLRQ�RI�WKH�SODQ�KDYH�EHHQ�XVHG�IRU�WKLV�UHSRUW���
�
%HIRUH� SLJ� FRQWURO� LV� XQGHUWDNHQ� WKHUH� QHHGV� WR� EH� FRQVHQVXV� RQ� WKH� PHDVXUDEOH� LPSDFWV�
FDXVHG�E\� IHUDO� SLJV��$GGLWLRQDOO\��GXULQJ� DQG� IROORZLQJ� DQ\� FRQWURO�RSHUDWLRQ� WKH� OHYHO� RI�
FRQWURO� DQG� DVVRFLDWHG� UHGXFWLRQ� LQ� LPSDFWV� QHHG� WR� EH� IRUPDOO\� PHDVXUHG� WR� HQVXUH� WKH�
RXWFRPHV�RI�WKH�FRQWURO�SURJUDPPH�DUH�DFKLHYHG��
�
7KH�PDQDJHU�RI�(UQVODZ�)RUHVW�KDV�LQGLFDWHG�WKH�FRPSDQ\�LV�KDSS\�ZLWK�WKH�FXUUHQW�FRQWURO��
ZKLFK� LV� GRQH� E\� D� SHUPLWWHG� KXQWLQJ� V\VWHP��+RZHYHU�� WKH\�ZLOO� VXSSRUW� H[WUD� FRQWURO� LQ�
WKHLU�IRUHVW�DV�ORQJ�DV�WKH\�GR�QRW�LQFXU�WKH�FRVWV���
�
7KHUH� DUH� PDQ\� NHHQ� SLJ� KXQWHUV� LQ� WKH� DUHD� DQG� WKH� ULVN� RI� GHOLEHUDWH� UHLQWURGXFWLRQ� LV�
FRQVLGHUHG� KLJK�� ,Q� ����� WKH� GLVFRYHU\� RI� D� 7E�LQIHFWHG� SLJ� ZLWK� D� VWUDLQ� W\SH� IURP� WKH�
:DLUDUDSD�VXJJHVWV�LOOHJDO�UHOHDVHV�KDYH�RFFXUUHG�LQ�WKH�SDVW��
�
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��� 2EMHFWLYHV�

�
•� 2XWOLQH�WKH�HQYLURQPHQWDO�DQG�HFRQRPLF�LPSDFWV�RI�IHUDO�SLJV��
•� 3UHSDUH�D�FRPSUHKHQVLYH�RXWOLQH�RI�WHFKQLFDO�RSWLRQV�IRU�LQLWLDO�DQG�PDLQWHQDQFH�FRQWURO�

RI�IHUDO�SLJV��
•� 2XWOLQH�FXUUHQW�LVVXHV�RI�LPSDFW�PRQLWRULQJ�DQG�FRPSOLDQFH�ZLWK�UHJDUG�WR�IHUDO�SLJV��
�

��� 0HWKRGV�

�
,QIRUPDWLRQ�IRU�WKLV�UHSRUW�ZDV�REWDLQHG�IURP�OLWHUDWXUH��ILHOG�H[SHULHQFH�RI�WKH�DXWKRU�LQ�SLJ�
FRQWURO� PHWKRGV� ERWK� LQ� 1HZ� =HDODQG� DQG� RYHUVHDV�� DQG� LQLWLDO� XQSXEOLVKHG� ILQGLQJV� RI� D�
UHFHQW� ������� SLJ� FRQWURO� SURJUDPPH� FRQGXFWHG� E\� WKH� &RDVWDO� &RQZD\� /DQGFDUH� *URXS�
�1RUWK� &DQWHUEXU\��� $GGLWLRQDO� LQIRUPDWLRQ� ZDV� VXSSOLHG� E\� WKH� +DZNH¶V� %D\� 5HJLRQDO�
&RXQFLO�RQ�WKH�VSHFLILF�LVVXHV�UHODWHG�WR�WKH�7H�8UL�DUHD��
�

��� (QYLURQPHQWDO�DQG�(FRQRPLF�,PSDFW�RI�)HUDO�3LJV�

�
���� /HJDO�VWDWXV�RI�IHUDO�SLJV�
)HUDO�SLJV�DUH�GHILQHG�DV�ZLOG�DQLPDOV�XQGHU�WKH�:LOG�$QLPDO�&RQWURO�$FW�������DQG�DV�VXFK�
WKH\�PD\�EH�KXQWHG�RU�WUDSSHG�E\�DQ\RQH�ZLWK�WKH�SHUPLVVLRQ�RI�WKH�ODQGRZQHU��,W�LV�LOOHJDO�WR�
OLEHUDWH�IHUDO�SLJV�RQ�DQ\�ODQG���
�
5HJLRQDO� FRXQFLOV�FDQ�GHFODUH�SLJV� DV�SHVWV�RI� UHJLRQDO� VLJQLILFDQFH� LI� WKH\�� LQ�FRQVXOWDWLRQ�
ZLWK� WKH� SXEOLF�� DFFHSW� WKDW� UHJLRQDO� LQWHUYHQWLRQ� LV� ERWK� QHFHVVDU\�� HIILFLHQW�� DQG� WKDW� WKH�
EHQHILWV�RXWZHLJK�WKH�FRVWV��$Q\�UHJLRQDO�RU�QDWLRQDO�SHVW�PDQDJHPHQW�VWUDWHJ\�DV�VSHFLILHG�
LQ� WKH� %LRVHFXULW\� $FW� ����� PXVW� EH� FRQVLVWHQW� ZLWK� WKH� SURYLVLRQV� RI� WKH� :LOG� $QLPDO�
&RQWURO�$FW��+DZNH¶V�%D\�5HJLRQDO�&RXQFLO¶V�FXUUHQW�5HJLRQDO�3HVW�0DQDJHPHQW�6WUDWHJ\�
�5306��GRHV�QRW�LQFOXGH�IHUDO�SLJV��DOWKRXJK�WKHVH�FRXOG�EH�LQFOXGHG�LI�PDQDJHPHQW�RSWLRQV�
DUH�DYDLODEOH�DQG�WKH�FRPPXQLWLHV�ZDQW�LW��
�
7KH�'HSDUWPHQW�RI�&RQVHUYDWLRQ��'2&��PD\�NLOO�IHUDO�SLJV�RQ�ODQG�LW�DGPLQLVWHUV�DQG��ZLWKLQ�
WKH�SURYLVLRQV�VHW�RXW�LQ�VHFWLRQV����DQG����RI�WKH�:LOG�$QLPDO�&RQWURO�$FW��RQ�&URZQ�OHDVH�
DQG� SULYDWH� ODQG�� *HQHUDOO\�� '2&� ZLOO� RQO\� FRQWURO� SLJV� WKDW� DUH� DGYHUVHO\� DIIHFWLQJ�
FRQVHUYDWLRQ�YDOXHV��)HUDO�SLJV�DUH�JHQHUDOO\�OLVWHG�DV�µDVVHW�OHG¶�SHVWV�LQ�'2&¶V�$QLPDO�3HVW�
0DQDJHPHQW� DQG�0RQLWRULQJ� 6WUDWHJLHV�� (VVHQWLDOO\�� WKLV�PHDQV� SLJV�ZLOO� EH� FRQWUROOHG� E\�
'2&�DW�SODFHV�ZLWK�SULRULW\�FRQVHUYDWLRQ�DVVHWV�WKDW�DUH�PRVW�YXOQHUDEOH�WR�SLJV���
�
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���� +LVWRU\�RI�SLJ�SRSXODWLRQV�±�7H�8UL�DUHD�
7KHUH� DUH� QR� IRUPDO� SRSXODWLRQ� HVWLPDWHV� IRU� IHUDO� SLJV� LQ� WKLV� DUHD� DW� SUHVHQW�� EXW� LW� LV�
XQGHUVWRRG� WKH� IDUPLQJ�SURSHUWLHV�QRUWK�RI�7H�8UL�5RDG�GLG�QRW�KDYH�IHUDO�SLJV�XQWLO�������
3LJ�LPSDFWV�QRUWK�RI�WKH�7H�8UL�5RDG�FRXOG�EH�FDXVHG�E\�HLWKHU�UHVLGHQW�SLJV�RU�LWLQHUDQW�SLJV�
WKDW�XVH�WKH�IRUHVW�DV�D�FRUULGRU�WR�WUDYHO�IURP�PRUH�SLJ�SURQH�DUHDV�VRXWK�RI�7H�8UL�5RDG��
�
7KH�RQO\�FRQWURO�RI�SLJV�FXUUHQWO\�FDUULHG�RXW�LQ�WKLV�DUHD�LV�E\�UHFUHDWLRQDO�KXQWHUV��SHUPLWWHG�
KXQWLQJ� V\VWHP� LQ�(UQVODZ�)RUHVW�� DQG� WKH� IDUPHUV� WKHPVHOYHV�ZKR�DUH�NHHQ� WR�PDLQWDLQ� D�
]HUR�SLJ�SROLF\�QRUWK�RI�7H�8UL�5RDG���
�
���� 3LJ�LPSDFWV�RQ�ELRGLYHUVLW\�
7KH�LPSDFW�RI�IHUDO�SLJV�RQ�1HZ�=HDODQG¶V�QDWLYH�ELRWD�LV�SRRUO\�XQGHUVWRRG��,Q�JHQHUDO��SLJV��
OLNH�RWKHU� LQWURGXFHG�YHUWHEUDWH�SHVWV��KDYH�ERWK�GLUHFW�DQG� LQGLUHFW� LPSDFWV��'LUHFW� LPSDFWV�
LQFOXGH�EURZVLQJ�RI�YHJHWDWLRQ��SUHGDWLRQ�RI� LQYHUWHEUDWHV� �DQG� ODPEV���DQG�GLVWXUEDQFH�YLD�
URRWLQJ�RI�SDVWXUH�DQG� IRUHVW�XQGHUVWRUH\��3RWHQWLDO� LQGLUHFW� DGYHUVH� LPSDFWV�DUH� FKDQJHV� LQ�
VRLO�SURFHVVHV�DQG�YHJHWDWLRQ�VXFFHVVLRQDO�SDWWHUQV�IURP�URRWLQJ��&KRTXHQRW�HW�DO���������
�
)HUDO� SLJV� FDQ� URRW� VLJQLILFDQW� DUHDV� RI� IRUHVW� VRLOV� DQG� SDVWXUH�� ,Q� WKH� ULSDULDQ� WHUUDFHV� DW�
:DLWXWX�)RUHVW�LQ�)LRUGODQG��F���±����RI�WKH�VRLO�VXUIDFH�LV�URRWHG�DW�DQ\�RQH�WLPH��-��3DUNHV��
XQSXEO��GDWD���DQG�RQ�1JDURPD�IDUP��RQH�RI� WKH�&RDVWDO�&RQZD\�/DQGFDUH�*URXS��&&/*��
IDUPV��� F�� ��� RI� WKH� VRLO� VXUIDFH� ZDV� URRWHG� ZKHQ� VXUYH\HG� LQ� ����� �%�� %DWHPD� DQG� $��
0HGGHQV��XQSXEO��GDWD���7KH�FRQVHTXHQFHV�RI� WKLV� LQWHQVLW\�RI� VXUIDFH�VRLO� URRWLQJ�RQ�SODQW�
UHJHQHUDWLRQ� DQG� VXFFHVVLRQ� DUH� XQNQRZQ�� :H� EHOLHYH� WKDW� VXFK� URRWLQJ� ZLOO� LQ� VRPH�
LQVWDQFHV� SUHYHQW� JUDVVODQGV� SURJUHVVLQJ� WR� VFUXE� YHJHWDWLRQ� DQG� LQ� RWKHUV� HQFRXUDJH� WKH�
LQWURGXFWLRQ�DQG�HVWDEOLVKPHQW�RI�ZHHGV��DQG�PD\�LQKLELW�VXFFHVVLRQ�IURP�ZRRG\�ZHHGV�VXFK�
DV�EURRP�WR�QDWLYH�IRUHVW��
�
7KH�HIIHFW�WKDW�SLJ�IHHGLQJ�KDV�RQ�WKH�DEXQGDQFH�RI�IUXLWV�DQG�LQYHUWHEUDWHV�LV�QRW�NQRZQ��DQG�
DOWKRXJK�GLHW�VWXGLHV�SURYLGH�LQIRUPDWLRQ�RQ�ZKDW�SLJV�HDW�DQG�ZKDW�WKHLU�SUHIHUHQFHV�PLJKW�
EH�� VXFK� VWXGLHV� GR� QRW� GHWHUPLQH� ZKDW� LPSDFWV� WKLV� IHHGLQJ� KDV� RQ� WKH� VHOHFWHG� IRRG�
UHVRXUFHV��7KUHH�SXEOLVKHG�VWXGLHV�RQ�WKH�GLHW�RI�IHUDO�SLJV�VKRZ�WKDW�IUXLW�DQG�LQYHUWHEUDWHV��
HVSHFLDOO\�HDUWKZRUPV��DUH�LPSRUWDQW�IRRGV��,Q�SRGRFDUS�WDZD�IRUHVW�RI�WKH�8UHZHUD�5DQJHV��
IHUDO�SLJ�GLHW�FRQVLVWHG�RI�DSSUR[LPDWHO\�����SODQW�PDWHULDO�DQG�����DQLPDO�PDWHULDO��)UXLWV�
IURP�WDZD��%HLOVFKPLHGLD�WDZD���K QDX��(ODHRFDUSXV�GHQWDWXV���DQG�VXSSOHMDFN��5LSRJRQXP�
VFDQGHQV�� PDGH� XS� WR� ���� RI� SLJV¶� GLHW� LQ� WKLV� DUHD� �7KRPVRQ� 	� &KDOOLHV� ������� 2Q�
'¶8UYLOOH� ,VODQG�� IUXLW� PDGH� XS� ���� RI� WKH� GLHW� E\� GULHG� ZHLJKW� DQG� SLJV� ZHUH� D� PDMRU�
SUHGDWRU�RI� JLDQW� ODQG� VQDLOV� �3RZHOOLSKDQWD�KRFKVWHWWHUL� REVFXUD�� �3DUNHV� HW� DO�� �������2Q�
$XFNODQG�,VODQG��HDUWKZRUPV�PDGH�XS�����RI� WKH�GLHW��DQG�PHJDKHUEV�����E\�GU\�ZHLJKW�
�&KLPHUD�HW�DO���������
�
���� 3LJ�LPSDFWV�RQ�SURGXFWLRQ�YDOXHV�
7KH� LPSDFW� RI� IHUDO� SLJV� RQ� SURGXFWLRQ� YDOXHV� LQ� $XVWUDOLD� KDV� EHHQ� DVVHVVHG� IRU� PDQ\�
DJULFXOWXUDO�SUDFWLFHV�� L�H��SUHGDWLRQ�RI�ODPEV��5RZOH\�������3DYORY�HW�DO���������GDPDJH�WR�
JUDLQ� FURSV� �7LVGHOO� ������ &DOH\� ������ DQG� FRPSHWLWLRQ� ZLWK� OLYHVWRFN� DQG� GDPDJH� WR�
SDVWXUHV��+RQH�������&KRTXHQRW��������+RZHYHU��&KRTXHQRW�HW�DO���������VWLOO�FRQVLGHU�WKDW�
LQ�$XVWUDOLD�WKH�µPDMRU�FRVWV�RI�DJULFXOWXUDO�GDPDJH�FDXVHG�E\�IHUDO�SLJV�WR�ODQGKROGHUV�KDYH�
QHYHU�EHHQ�UHOLDEO\�HVWLPDWHG¶��6LPLODUO\�QR�DWWHPSW�KDV�EHHQ�PDGH�LQ�1HZ�=HDODQG�WR�GR�VR��
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$OWKRXJK�LPSDFW�RQ�SURGXFWLRQ�YDOXHV�PD\�KDYH�OLWWOH�GLUHFW�VLJQLILFDQFH�IRU�ELRGLYHUVLW\��LQ�
WKH�FDVH�RI�WKH�&&/*��SURGXFWLRQ�ORVV�GXH�WR�SLJ�LPSDFWV�LV�SDUWO\�D�UHVXOW�RI�WKH�FRQVHUYDWLRQ�
LQLWLDWLYHV�LPSOHPHQWHG�E\�WKH�JURXS��<RFNQH\�HW�DO���������7KDW�LV��E\�µUHWLULQJ¶�ODQG�IURP�
JUD]LQJ� DQG� EXUQLQJ� WR� DFKLHYH� LPSURYHG� ELRGLYHUVLW\� YDOXHV�� IDUPHUV� KDYH� FUHDWHG� DQ�
LQFUHDVHG�DUHD�RI�LGHDO�KDELWDW�IRU�IHUDO�SLJV��&RQVHTXHQWO\��IDUPHUV�DUH�SD\LQJ�IRU�LQFUHDVLQJ�
WKH�DUHD�VHW�DVLGH�IRU�ELRGLYHUVLW\�YDOXHV�E\�LQFXUULQJ�JUHDWHU�DUHDV�RI�SDVWXUH�ORVV�UHVXOWLQJ�
IURP� SLJ� URRWLQJ�� DQG� SUHVXPDEO\� IURP� FRPSHWLWLYH� JUD]LQJ�� 7KLV� SUREOHP� LV� VRPHZKDW�
VLPLODU�LQ�WKH�7H�8UL�5RDG�DUHD�ZLWK�WKH�SODQWLQJ�RI�SURGXFWLRQ�IRUHVWU\�SURYLGLQJ�SLJ�KDELWDW�
DGMDFHQW�WR�VXVFHSWLEOH�IDUPODQG���
�
/RVV� RI� SURGXFWLRQ� UHVXOWLQJ� IURP� SLJV� URRWLQJ� SDVWXUH� DQG� JUD]LQJ� RQ� YHJHWDWLRQ� XVXDOO\�
HDWHQ� E\� VKHHS� DQG� FDWWOH� FDQ� EH� FUXGHO\� PHDVXUHG� E\� WKH� UHVXOWLQJ� UHGXFWLRQ� LQ� VWRFNLQJ�
UDWHV��)RU�H[DPSOH��RQH�SURSHUW\�LQ�WKH�&&/*�UHSRUWHG�D�UHGXFWLRQ�RI�����VWRFN�XQLWV��68��
SHU�DQQXP�GXH�WR�SLJ�LPSDFWV��$W�����SHU�68��WKLV�HTXDWHV�WR�D���������ORVV�RI�SURGXFWLRQ�IRU�
WKLV� VLQJOH� SURSHUW\��$QRWKHU� SURSHUW\� UHSRUWHG� WKH� FRVW� RI� UHVRZLQJ� ODUJH� EORFNV� �!��� KD��
DIWHU� H[WHQVLYH� GDPDJH� E\� SLJV� DW� DERXW� �������� �SHU� DQQXP��� 7R� YDOXH� WKH� LPSDFW� RQ�
SURGXFWLRQ� UHVXOWLQJ� IURP� WKH� HVWDEOLVKPHQW� RI� QHLJKERXULQJ� IRUHVWU\�� IDUPHUV� QHHG�
LQIRUPDWLRQ�RQ�KRZ�PXFK� WKH�SLJ� LPSDFWV�KDYH� LQFUHDVHG�DV�D�GLUHFW� UHVXOW�RI� WKLV� ODQG�XVH�
FKDQJH��
�
/DPE� SUHGDWLRQ� LV� NQRZQ� WR� RFFXU� DOWKRXJK� LW� LV� SRRUO\� TXDQWLILHG��+LVWRULFDO� LQIRUPDWLRQ�
VXJJHVWV�ORVVHV�RI�XS�WR�����FDQ�RFFXU�ZKHQ�SLJ�QXPEHUV�DUH�KLJK��,W�LV�OLNHO\�WKDW�VSRUDGLF�
ODPE�SUHGDWLRQ�VWLOO�RFFXUV�LQ�PDQ\�DUHDV��
�
)DUPHUV�WKHUHIRUH�KDYH�WZR�RSWLRQV�IRU�UHGXFLQJ�WKH�LPSDFW�RI�IHUDO�SLJV�RQ�WKHLU�SDVWXUH��7KH�
ILUVW�LV�WR�UHGXFH�WKH�DUHD�RI�SLJ�KDELWDW�E\�UHGXFLQJ�WKH�DUHD�RI�VFUXE�DQG�IRUHVW�±�WKLV�LV�RIWHQ�
QRW� YLDEOH� DV� LW� LV� QRW� RZQHG� E\� WKH� DGMDFHQW� IDUPHUV�� 7KH� VHFRQG� LV� WR� LPSOHPHQW� D� SLJ�
PDQDJHPHQW�DQG�FRQWURO�SURJUDPPH�DLPHG�DW� UHGXFLQJ�SLJ�QXPEHUV� DQG�PDLQWDLQLQJ� WKHP�
EHORZ�D�OHYHO�DW�ZKLFK�WKH\�DUH�FDXVLQJ�XQDFFHSWDEOH�LPSDFWV���
�
���� 5ROH�RI�IHUDO�SLJV�LQ�PDLQWDLQLQJ�ERYLQH�WXEHUFXORVLV��7E��
)HUDO�SLJ�SRSXODWLRQV�LQ�1HZ�=HDODQG�RIWHQ�KDYH�D�KLJK�SUHYDOHQFH�RI�7E�LQIHFWLRQ�LQ�DUHDV�
ZKHUH�RWKHU�ZLOGOLIH�DUH�LQIHFWHG��9HFWRU�5LVN�$UHDV�RU�95$V���,Q�1HZ�=HDODQG�SUHYDOHQFH�
RI� WKH� GLVHDVH� LQ� SLJV� IURP� LQIHFWHG� DUHDV� FDQ� UDQJH� IURP� ���� WR� ����� )HUDO� SLJV� DUH�
FRQVLGHUHG� D� VSLOORYHU� HQG� KRVW� WKDW� FRQWUDFW� WKH� GLVHDVH� DQG� FDQ� VSUHDG� LW� WR� IHUUHWV� DQG�
SRVVLEO\�SRVVXPV�WKDW�VFDYHQJH�LQIHFWHG�SLJ�FDUFDVVHV��+RZHYHU�� WKH\�ZLOO�QRW�PDLQWDLQ�WKH�
GLVHDVH�LQ�WKH�DEVHQFH�RI�RWKHU�ZLOGOLIH�YHFWRUV��HVSHFLDOO\�SRVVXPV��1XJHQW�HW�DO���������,Q�
DUHDV� RI� ERWK� KLJK� SLJ� QXPEHUV� DQG� KLJK� VFDYHQJLQJ� YHFWRU� SRSXODWLRQV� �L�H�� IHUDO� FDWV��
IHUUHWV��D�SUHFDXWLRQDU\�DSSURDFK�RI�UHGXFLQJ�SLJ�QXPEHUV�WR�ORZHU�WKH�GLVHDVH�ORDGLQJ�LQ�WKH�
HQYLURQPHQW�LV�UHFRPPHQGHG�WR�EUHDN�DQ\�FR�VFDYHQJLQJ�7E�F\FOH�LQ�ZLOGOLIH��1XJHQW�HW�DO��
�������
�
7KHUH�LV�D�ULVN�WR�OLYHVWRFN�RI�QDWXUDO�GLVHDVH�VSUHDG�IURP�QHLJKERXULQJ�SURSHUWLHV�ZKHUH�7E�
KDV�EHHQ�FRQILUPHG�LQ�ZLOGOLIH�YHFWRUV��:KLOH�UHGXFLQJ�SLJ�QXPEHUV�WR�ORZHU�WKH�SRVVLELOLWLHV�
RI�D�FR�VFDYHQJLQJ�7E�F\FOH�ZRXOG�EH�UHFRPPHQGHG��<RFNQH\�	�1XJHQW��������EODQNHW�SLJ�
FRQWURO� EDVHG� RQ� 7E� WUDQVPLVVLRQ� LV� QRW� FXUUHQWO\� FRQGXFWHG� DV� SDUW� RI� YHFWRU� FRQWURO�
RSHUDWLRQV�E\�WKH�$QLPDO�+HDOWK�%RDUG��
�
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���� %HQHILWV�RI�SLJ�FRQWURO�
)DUPHUV� KDYH� PL[HG� PRWLYHV� IRU� SLJ� FRQWURO�� 3LJV� DIIHFW� ERWK� ELRGLYHUVLW\� DQG� SURGXFWLRQ�
YDOXHV��7KHUH�DUH�FOHDUO\�VRPH�SURGXFWLRQ�ORVVHV�EHLQJ�LQFXUUHG�E\�WKH�IDUPHUV�LQ�DQ�DUHD�WKDW�
SULRU�WR������KDG�QLO�SLJ�LPSDFWV��/LNHZLVH�IRU�WKH�&&/*��VLJQLILFDQW�SURGXFWLRQ�ORVVHV�ZHUH�
UHFRUGHG� DQG� FUHGLWHG� WR� WKH� LQFUHDVHG� KDELWDW� SURYLGHG� IRU� SLJV� WKURXJK� WKH� IDUPHUV¶� RZQ�
FRQVHUYDWLRQ� LQLWLDWLYHV� �L�H�� UHWLULQJ� ODQG� DV�4(,,� UHVHUYHV��� ,Q� WKH�7H�8UL� DUHD� LW� FRXOG� EH�
DUJXHG� WKDW� D� SURDFWLYH� DSSURDFK� WR� PLQLPLVLQJ� SLJ� QXPEHUV� ZKLOH� VWLOO� DW� UHODWLYHO\� ORZ�
OHYHOV�ZRXOG�EH�SUXGHQW��UDWKHU�WKDQ�ZDLWLQJ�IRU�WKH�SUREOHP�WR�SHUVLVW�DQG�SRWHQWLDOO\�EHFRPH�
PRUH� GLIILFXOW� DQG� H[SHQVLYH� WR� IL[�� 1HYHUWKHOHVV� LW� LV� LPSRUWDQW� WKDW� SLJ� LPSDFWV� DUH�
TXDQWLILHG�VR�DQ�HVWLPDWH�FDQ�EH�PDGH�DV�WR�KRZ�PXFK�WR�VSHQG�RQ�WKH�SUREOHP��
�

��� &RQWURO�2SWLRQV�

�
���� 6WUDWHJLF�RSWLRQV�IRU�PDQDJLQJ�IHUDO�SLJV�
,Q� RUGHU� WR� UHGXFH� RU� FRPSOHWHO\� VWRS� WKH� LPSDFWV� RI� SHVWV�� PDQDJHUV� JHQHUDOO\� KDYH� ILYH�
RSWLRQV�WR�VHOHFW�IURP��OLVWHG�KHUH�LQ�GHFUHDVLQJ�RUGHU�RI�EHQHILW��3DUNHV��������
��� 6WRS�WKH�SHVW�DUULYLQJ�LQ�WKH�ILUVW�SODFH�
��� (UDGLFDWH�DOO�SHVWV�SUHVHQW�
��� $SSO\�D�VLQJOH�FRQWURO�ZLWK�D�ORQJ�WHUP�EHQHILW��H�J��ELRFRQWURO��
��� 6XVWDLQ�FRQWURO�WR�NHHS�DQLPDOV�DW�D�ORZHU�OHYHO�
��� 'R�QRWKLQJ��
�
,I�HUDGLFDWLRQ�LV�GHVLUHG��WKH�FULWHULD�IRU�VXFFHVV�LGHQWLILHG�EHORZ�PXVW�EH�PHW��7KHVH�DUH��DIWHU�
3DUNHV��������
•� $OO�SLJV�PXVW�EH�SXW�DW�ULVN�±�JHQHUDOO\�LQ�1HZ�=HDODQG�JLYHQ�WKH�WHUUDLQ��JURXQG�FRYHU��

ILQDQFLDO�UHVRXUFHV�DQG�ODFN�RI�D�VXLWDEOH�WR[LQ�WKLV�ZRXOG�EH�GLIILFXOW�WR�DFKLHYH��
•� 7KHUH�PXVW�EH�QR�ULVN�RI�LPPLJUDWLRQ�±�XQOHVV�WKH�SLJ�SRSXODWLRQ�FRQVLGHUHG�IRU�FRQWURO�

LV� LQ� D� JHRJUDSKLF� µLVODQG¶� RI� KDELWDW�� WKHUH� LV� XVXDOO\� VRPH� IRUP� RI� LPPLJUDWLRQ� ±�
LQFOXGLQJ�LOOHJDO�OLEHUDWLRQV��

•� 3LJV�PXVW�EH�NLOOHG�DW�UDWHV�IDVWHU�WKDQ�WKH\�FDQ�UHSODFH�WKHLU�ORVVHV�DW�DOO�GHQVLWLHV���
�
2SWLRQ�WKUHH��DSSO\LQJ�D�VLQJOH�FRQWURO�WRRO��H�J��ELRFRQWURO��LV�DOVR�QRW�WHFKQLFDOO\�SRVVLEOH�DW�
SUHVHQW��7KH� WZR�UHPDLQLQJ�FKRLFHV��VXVWDLQDEOH�FRQWURO�RU�GR�QRWKLQJ��QHHG� WR�EH�FDUHIXOO\�
FRQVLGHUHG�� ,I� WKH�FRVW�RI�FRQWURO�H[FHHGV� WKH�EHQHILWV� WKHQ�WKH�EHVW�RSWLRQ�LV� WR�GR�QRWKLQJ��
6XVWDLQHG�FRQWURO�UHTXLUHV�WKDW�SLJV�EH�UHGXFHG�WR�VRPH�ORZ�GHQVLW\�LQ�DQ�LQLWLDO�RSHUDWLRQ�DQG�
WKHQ�KHOG� WKHUH�E\�PDLQWHQDQFH�FRQWURO� DSSOLHG�DW�HLWKHU� VRPH�VHW� IUHTXHQF\�RU�DV� WKH�QHHG�
�L�H��LQFUHDVLQJ�WUHQG�LQ�QXPEHUV�RU�GDPDJH��DULVHV���
�
���� &KRLFH�RI�FRQWURO�PHWKRGV�
1R�RIILFLDO�FRQWURO�RI�SLJV�KDV�EHHQ�FDUULHG�RXW�IRU�PDQ\�\HDUV��DQG�IDUPHUV�KDYH�EHHQ�OHIW�WR�
GHDO� ZLWK� DQ\� SLJ� SUREOHPV� WKH\� PD\� KDYH�� 0RVW� IDUPHUV� UHO\� RQ� UHFUHDWLRQDO� DQG�RU�
FRPPHUFLDO� KXQWHUV� ZLWK� GRJV�� $OWKRXJK� SLJV� FDQ� KDYH� D� KLJK� SUHYDOHQFH� RI� 7E� WKH\� DUH�
JHQHUDOO\�QRW� WDUJHWHG�IRU�FRQWURO�E\�WKH�$+%��&RQVHTXHQWO\�� WKHUH�DUH�QR�HVWDEOLVKHG�µEHVW�
SUDFWLFH¶�PHWKRGV�IRU�FRQWUROOLQJ�SLJV�RXWVLGH�WKH�ZLGHO\�XVHG�PHWKRG�RI�KXQWLQJ�ZLWK�GRJV��
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7KH�DSSURSULDWHQHVV�RI�D�SDUWLFXODU�WHFKQLTXH�ZLOO�GHSHQG�RQ�WKH�VWUDWHJLF�DLP�RI�WKH�FRQWURO�
SURJUDPPH�DQG�WKH�HFRORJLFDO�DQG�VRFLDO�FRQWH[W�LQ�ZKLFK�FRQWURO�LV�WR�EH�XQGHUWDNHQ��
�
,Q� WKH� DEVHQFH� RI� D� UHJLVWHUHG� WR[LQ� LQ� 1HZ� =HDODQG� IRU� FRQWUROOLQJ� SLJV� DQG� WKH� OLPLWHG�
UHVHDUFK�WKDW�KDV�EHHQ�FDUULHG�RXW�RQ�IHUDO�SLJ�FRQWURO��VRPH�FXUUHQW�PHWKRGV�RI�SLJ�FRQWURO�
WKDW�KDYH�ZRUNHG�ZHOO�LQ�$XVWUDOLD��1HZ�=HDODQG�DQG�HOVHZKHUH�DUH�GHWDLOHG�EHORZ��
�

+DELWDW�PRGLILFDWLRQ�
3LJV��OLNH�RWKHU�ZLOG�DQLPDOV��QHHG�WR�KDYH�DUHDV�RI�VDIH�KDUERXUDJH��UHIXJLD���ZKHUH�\RXQJ�
FDQ� EH� UDLVHG� VDIHO\� DQG�ZKHUH� DOO� SLJV� FDQ� UHWUHDW�ZKHQ� SXUVXHG� E\� GRJV� DQG�RU� KXQWHUV��
5HPRYDO�RI�UHIXJLD�VXFK�DV�DUHDV�RI�VFUXE�DQG�RU�IRUHVW�UHPQDQWV�ZLOO�VLJQLILFDQWO\�UHGXFH�SLJ�
QXPEHUV�� UHVWULFW� WKHLU� GLVWULEXWLRQ�� DQG� LPSURYH� IDUPHUV¶� DELOLW\� WR� FRQWURO� WKHP�� ,W� LV�
EHOLHYHG� WKDW� WKH� SURJUHVVLYH� FOHDUDQFH� RI� VFUXE� DQG� IRUHVW� GXULQJ� (XURSHDQ� VHWWOHPHQW�
FRQWULEXWHG�WR�WKH�JUDGXDO�UHGXFWLRQ�LQ�SLJ�SRSXODWLRQV��+ROGHQ��������
�
+RZHYHU�� VXFK� FOHDUDQFH� LV� OHVV� DFFHSWDEOH� WRGD\� DQG� LPSRVVLEOH� ZKHQ� QHLJKERXULQJ�
SURGXFWLRQ�IRUHVWV�DUH�FRQFHUQHG��+DELWDW�PRGLILFDWLRQ�DV�SURGXFWLRQ�IRUHVWV�JURZ�ZLOO�OLNHO\�
VHH�D�FKDQJH�LQ�SLJ�QXPEHUV�ZLWKLQ�WKH�IRUHVW��<RXQJ�RU�WKLQQHG�SLQHV�FUHDWH�D�UHIXJH��ZKLOH�
DGXOW�SLQHV�ZLWK� OLWWOH�XQGHUJURZWK� OLPLW�SLJ�KDELWDW��&KDQJH� LQ� WKH�DUHDV�RI� UHIXJH��JURXQG�
FRYHU��PD\�DOVR�LQFUHDVH�WKH�GLIILFXOWLHV�RI�ERWK�JURXQG�KXQWLQJ�DQG�DHULDO�VKRRWLQJ��
�

([FOXVLRQ�IHQFHV�
)HQFHV� FDQ� DLG� SLJ� FRQWURO� LQ� WZR� ZD\V�� 6WUDWHJLFDOO\�� WKH\� SUHYHQW� LPPLJUDWLRQ� DQG� WKH�
FRQVHTXHQW�DGGLWLRQV�WR�WKH�SRSXODWLRQ��7DFWLFDOO\��WKH\�UHGXFH�WKH�HIIHFWLYH�VL]H�RI�WKH�DUHD�LQ�
ZKLFK�SLJV�PLJKW�QHHG�WR�EH�FRQWUROOHG��VR�PDQDJHUV�FDQ�IRFXV�RQ�RQH�DUHD�DW�D�WLPH��ZLWKRXW�
KDYLQJ�WR�FRQWLQXDOO\�UHWXUQ�WR�SUHYLRXVO\�FOHDUHG�DUHDV�WR�UHPRYH�UHFHQW�LPPLJUDQWV��)HQFHV�
DOVR�SHUPLW�FOHDU�VHSDUDWLRQ�RI�PDQDJHPHQW�REMHFWLYHV�EHWZHHQ�DGMRLQLQJ� ODQGV�RI�GLIIHUHQW�
WHQXUH� RU� XVH�� (YHQ� WKRXJK� IHQFHV� WKHPVHOYHV� GR� QRW� DFWXDOO\� FRQWURO� SLJV�� WKHVH� WKUHH�
IHDWXUHV�KDYH�PDGH�IHQFLQJ�WKH�FRUQHUVWRQH�RI�VXFFHVVIXO�DQG�SURJUHVVLYH�HOLPLQDWLRQ�RI�SLJV�
IURP�ODUJH�SURWHFWHG�QDWXUDO�DUHDV�LQ�+DZDL¶L��+RQH�	�6WRQH���������
�
7KH�SULQFLSDO�GUDZEDFNV�ZLWK�IHQFLQJ�DUH�WKH�KLJK�LQLWLDO�H[SHQVH��DQG�WKH�QHHG�IRU�RQJRLQJ�
PRQLWRULQJ�DQG�PDLQWHQDQFH�RI�WKH�IHQFHV�WR�HQVXUH�WKHLU�LQWHJULW\��)RU�1HZ�=HDODQG��IHQFHV�
DUH�OLNHO\�WR�EH�RI�PRVW�YDOXH�IRU�SURWHFWLQJ�VPDOO�DUHDV�RI�KLJK�FRQVHUYDWLRQ�YDOXH�ZLWKLQ�D�
ODUJHU�DUHD�RI�FRQWLQXRXV�SLJ�KDELWDW��
�
1RQ�HOHFWULF� IHQFHV� PXVW� EH� RI� QHWWLQJ� RU� GLDPRQG� PHVK� FRQVWUXFWLRQ� ZLWK� D� VSDFLQJ� RI�
YHUWLFDO�ZLUHV�RI�DERXW����FP��+RQH�	�$WNLQVRQ��������7KH\�PXVW�EH�DW�OHDVW����FP�WDOO��ZLWK�
WKH�ERWWRP�ZLUH�SXOOHG� WLJKWO\�GRZQ�LQWR�GLSV�� ,Q�+DZDL¶L�� LURQ�VWDQGDUGV�DUH�XVHG�DV�SRVWV��
ZLWK� ��P� VSDFLQJ� EHWZHHQ� SRVWV� DQG�ZLWK� DOO� FRPSRQHQWV� WULSOH�GLSSHG� JDOYDQLVHG�� )HQFHV�
QHHG�WR�EH�LQVSHFWHG�DW�UHJXODU�LQWHUYDOV��DQG�DIWHU�DQ\�PDMRU�VWRUPV���
�

3RLVRQV�
3RLVRQ�KDV�EHHQ�ZLGHO\�WULDOOHG�DQG�XVHG�RSHUDWLRQDOO\�WR�FRQWURO�SLJV�LQ�$XVWUDOLD��+RQH�	�
6WRQH� ������ 6DXQGHUV� HW� DO�� ������ &KRTXHQRW� HW� DO�� ������ DQG� HOVHZKHUH� RYHUVHDV� �L�H��
6DQWLDJR� ,VODQG� ±� *DODSDJRV�� &UX]� HW� DO�� ������� %RWK� D� YDULHW\� RI� SRLVRQV� �H�J�� ������
DQWLFRDJXODQWV�� SKRVSKRUXV��� EDLW� W\SHV� �H�J�� FHUHDO�� ILVKPHDO�� PHDW�� FDUFDVVHV��� DQG� EDLW�
DSSOLFDWLRQ� PHWKRGV� �H�J�� DHULDO� VRZLQJ�� JURXQG�OD\LQJ�� EDLW� VWDWLRQV�� DUH� XVHG�� 3RLVRQ�
RSHUDWLRQV�KDYH�DFKLHYHG�KLJK�NLOOV��EXW�SRLVRQLQJ�DORQH�KDV�QHYHU�DFKLHYHG�HUDGLFDWLRQ��
�



�

/DQGFDUH�5HVHDUFK�

���

%HIRUH� SRLVRQV� FDQ� EH� DGRSWHG� IRU� JHQHUDO� SLJ� FRQWURO� LQ�1HZ�=HDODQG� WKH� LVVXHV� RI� QRQ�
WDUJHW� ULVNV�� UHJLVWUDWLRQ�� VHFRQGDU\� SRLVRQLQJ�� UHVLGXHV� DQG� HQYLURQPHQWDO� FRQWDPLQDWLRQ��
DQG�SXEOLF�KXQWHU�RSSRVLWLRQ�QHHG�WR�EH�DGGUHVVHG�DQG�EDLWV�DQG�WR[LQV�UHJLVWHUHG��
�
7KH� $XVWUDOLDQ� ,QYDVLYH� $QLPDOV� &5&� �3HVW� $QLPDO� &RQWURO� &5&� ����±������� /DQGFDUH�
5HVHDUFK�� DQG�&RQQRYDWLRQ� DUH� DFWLYHO\� SXUVXLQJ�QHZ�SRLVRQ� RSWLRQV� IRU� IHUDO� SLJ� FRQWURO��
+RZHYHU��DW�SUHVHQW�WKHUH�DUH�QR�QHZ�SRLVRQ�EDLWV�RU�GHOLYHU\�V\VWHPV�DYDLODEOH�WKDW�FDQ�EH�
LPPHGLDWHO\�DGRSWHG�E\�ODQGRZQHUV��(QFDSVXODWHG�F\DQLGH�EDLW�IRU�SLJV��VLPLODU�WR�)HUDWR[��
IRU�SRVVXPV��LV�FXUUHQWO\�EHLQJ�GHYHORSHG�DQG��LI�VXFFHVVIXO��LV�PRVW�OLNHO\�WR�EH�VXLWDEOH�IRU�
XVH�LQ�1HZ�=HDODQG��7KH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�FXUUHQW�YHUWHEUDWH�SRLVRQV�DQG�RXU�
UDQNLQJ� IRU�SRWHQWLDO� DV� SLJ� WR[LQV� DUH�RXWOLQHG� LQ�7DEOH����7KH� ORQJ�WHUP� VROXWLRQ� WR� FRVW�
HIIHFWLYH��ODUJH�VFDOH�SLJ�FRQWURO�LQ�PDQ\�DUHDV�LV�PRVW�OLNHO\�WR�EH�IURP�WKH�GHYHORSPHQW�RI�D�
VXLWDEOH�YHUWHEUDWH�SRLVRQ�DQG�D�EHWWHU�EDLW���
�
7DEOH���$GYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�FXUUHQW�RU�SRWHQWLDO�YHUWHEUDWH�SRLVRQV�IRU�IHUDO�SLJ�
FRQWURO��1R�YHUWHEUDWH�SRLVRQ�IRU�NLOOLQJ�SLJV�LV�FXUUHQWO\�UHJLVWHUHG�IRU�XVH�LQ�1HZ�=HDODQG��
7R[LQ� $GYDQWDJHV� 'LVDGYDQWDJHV� 3RWHQWLDO�IRU�

XVH�LQ�1=�
����� &DQ�EH�HIIHFWLYH�DJDLQVW�SLJV��

&KHDS��
1RQ�WDUJHW�HIIHFWV��IDUP�DQG�SLJ�
GRJV�VSHFLDO�FRQFHUQ�IURP�YRPLWXV��
+XQWHU�FRQFHUQV�UH�UHVLGXHV�LQ�
FDUFDVVHV�
8VHUV�PXVW�EH�OLFHQVHG�

/RZ�

&\DQLGH� 3HQ�HIILFDF\�HVWDEOLVKHG�DJDLQVW�
SLJV��
)DVW�DFWLQJ���PRVW�KXPDQH�
)HUDWR[�IRUPXODWLRQ�DYDLODEOH�

3UHOLPLQDU\�ILHOG�UHVXOWV��$XVWUDOLD��
QRW�VXFFHVVIXO�
3RVVLELOLW\�RI�SLJV�GHYHORSLQJ�EDLW�
VK\QHVV�
8VHUV�PXVW�EH�OLFHQVHG�

+LJK�

&KROHFDOFLIHURO� 'HOD\HG�DFWLRQ�±�PD\�UHGXFH�ULVN�
RI�VK\QHVV�
5HGXFHG�ULVNV�RI�VHFRQGDU\�
SRLVRQLQJ�

$FXWH�WR[LFLW\�WR�SLJV�QRW�NQRZQ�
+XPDQHQHVV�XQNQRZQ�
5HTXLUHV�XVHU�OLFHQFH�

+LJK�

$QWLFRDJXODQWV� 'HOD\HG�DFWLRQ�±�UHGXFHV�ULVN�RI�
VK\QHVV�
(IIHFWLYH�DJDLQVW�SLJV��$XVWUDOLD�
XVH��

+XPDQHQHVV�FRQFHUQV�
&RQFHUQV�UH�UHVLGXHV�

0HGLXP�

=LQF�SKRVSKLGH� 8QNQRZQ�HIILFDF\�DJDLQVW�SLJV�
5HVLGXHV�VHFRQGDU\�ULVN�SUREDEO\�
UHODWLYHO\�ORZ�

+XPDQHQHVV�XQNQRZQ�
8VHU�OLFHQVLQJ�UHTXLUHPHQWV�
XQNQRZQ�

/RZ±
PHGLXP�

3KRVSKRUXV� (IIHFWLYH�LQ�FDUFDVV�EDLWV��
%XW�RWKHU�EDLW�W\SHV�XQNQRZQ�
�

+XPDQHQHVV�XQDFFHSWDEOH�
6HFRQGDU\�ULVNV�DQG�UHVLGXHV�QRW�
ZHOO�UHVHDUFKHG�
5LVNV�WR�KXPDQ�KDQGOHUV��
/LFHQVLQJ��

/RZ�

�
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7UDSSLQJ�
7UDSSLQJ�FDQ�EH�DQ�HIIHFWLYH�WHFKQLTXH�IRU�FRQWUROOLQJ�SLJV�SURYLGLQJ�WKHUH�LV�FRQWLQXDO�DQG�
FRQVWDQW�HIIRUW�SXW� LQWR�WKH�EDLWLQJ�DQG�WUDSSLQJ�SURJUDPPH��5HVXOWV�IURP�$XVWUDOLD�VXJJHVW�
FDSWXUH� HIILFLHQF\� RI� WUDSV�� DW� OHDVW� IRU� RQH� WULDO�� UHVXOWHG� LQ� ���� RI� SLJV� H[SRVHG� WR� WUDSV�
EHLQJ�FDSWXUHG��6DXQGHUV�HW�DO���������DQG�LQ�DQRWKHU�VWXG\�WUDSSLQJ�UHVXOWHG�LQ�DERXW�DQ�����
UHGXFWLRQ� �EDVHG� RQ� VSRWOLJKW� FRXQWV�� LQ� D� FHQWUDO� WDEOHODQG� HQYLURQPHQW� �&KRTXHQRW� HW� DO��
�������,Q�FRQWUDVW�WR�SRLVRQLQJ��ODQGRZQHUV�FDQ�VHH�WKH�QXPEHU�RI�SLJV�WUDSSHG��WKH�SLJV�FDQ�
DOVR�EH�XVHG�HLWKHU�DV� D� UHVRXUFH� �DV� IRRG��RU� WKH\�FDQ�EH� UDGLR�FROODUHG�DQG�XVHG�DV�-XGDV�
SLJV��2WKHU�DGYDQWDJHV�RI�WUDSSLQJ�LQFOXGH��/XNLQV�������&KRTXHQRW�HW�DO���������
•� 'RHV�QRW�LQWHUIHUH�ZLWK�QRUPDO�SLJ�EHKDYLRXU��FRPSDUHG�ZLWK�GRJJLQJ�DQG�VKRRWLQJ��
•� $OORZV�IRU�IOH[LELOLW\�RI�XVH�DQG�WKHUHIRUH�FDQ�EH�FDUULHG�RXW�LQ�FRQMXQFWLRQ�ZLWK�RQ�IDUP�

DFWLYLWLHV�WKHUHE\�UHGXFLQJ�ODERXU�FRVWV�
•� &DQ�EH�PRYHG�DQG�UHXVHG�LQ�D�YDULHW\�RI�KDELWDWV�DQG�VHDVRQV��*RRG�WUDSSLQJ�PDNHV�XVH�

RI�RSSRUWXQLWLHV�DV�WKH\�DULVH�
•� +XPDQH���
•� 1R�QRQ�WDUJHW�RU�UHVLGXH�SUREOHPV�
•� 3LJ�QXPEHUV�FDQ�EH�PRQLWRUHG��
�
8QIRUWXQDWHO\� WUDSSLQJ� DSSHDUV� WR� EH� WKH� OHDVW� FRVW�HIIHFWLYH� FRQWURO� WHFKQLTXH� �DW� OHDVW� LQ�
$XVWUDOLDQ�H[DPSOHV��ZKHQ�FRPSDUHG�ZLWK�ERWK�SRLVRQLQJ�DQG�KHOLFRSWHU�VKRRWLQJ��7UDSSLQJ�
LV�WLPH�FRQVXPLQJ�DQG�ODUJH�QXPEHUV�RI�WUDSV�DUH�H[SHQVLYH�WR�FRQVWUXFW��1HYHUWKHOHVV��ZLWK�
WKH�FXUUHQW�ODFN�RI�D�VXLWDEOH�SRLVRQ�IRU�FRQWURO��DQG�ZKHUH�SLJ�GHQVLWLHV�PDNH�KXQWLQJ�ZLWK�
GRJV�LQHIILFLHQW��WUDSSLQJ�VWLOO�RIIHUV�D�XVHIXO�PHWKRG�IRU�FRQWUROOLQJ�SLJ�QXPEHUV��7KH�UHFHQW�
FRQWURO� ZRUN� FRQGXFWHG� E\� WKH� &&/*� LQFOXGHG� D� WUDSSLQJ� SURJUDPPH� ZLWK� WZR� IXOO�WLPH�
WUDSSHUV�RSHUDWLQJ�RYHU�D�SHULRG�RI��±��ZHHNV��$QG�DOWKRXJK�WKH\�ZHUH�UHDVRQDEO\�VXFFHVVIXO�
�WUDSSLQJ�LQ�H[FHVV�RI�����SLJV���ZKHQ�WKLV�PHWKRG�ZDV�FRPSDUHG�ZLWK�DHULDO�VKRRWLQJ�LW�ZDV�
FRQVLGHUHG�XQHFRQRPLFDO�DW�WKH�LQLWLDO�KLJK�SLJ�SRSXODWLRQ�OHYHO���
�
� 7UDS�W\SHV�� �7KHUH�DUH�WZR�W\SHV�RI�WUDSV�FRPPRQO\�XVHG�IRU�FDSWXULQJ�IHUDO�SLJV��WKH�
SRUWDEOH� ER[� WUDS� DQG� WKH� ZHOG�PHVK�SDQHO� WUDS�� 7KH� SRUWDEOH� ER[� WUDS� LV� GHVLJQHG� DV� DQ�
HIILFLHQW� DQG� HQYLURQPHQWDOO\� DFFHSWDEOH�PHWKRG� IRU� FDSWXULQJ� IHUDO� SLJV�� DQG� WKH� WUDSV� DUH�
HDVLO\�UHORFDWDEOH�VR�WKDW�VHDVRQDO�PRYHPHQW�DQG�DYDLODELOLW\�RI�IRRG�FDQ�EH�IXOO\�H[SORLWHG��
$�ORFDO�HQJLQHHULQJ�VKRS�RU�ZHOGHU�VKRXOG�EH�DEOH�WR�EXLOG�WKLV�W\SH�RI�WUDS�DW�UHDVRQDEOH�FRVW�
IURP�WKH�SODQV�VKRZQ�LQ�)LJ�����
�
7KH� ZHOG�PHVK�SDQHO� WUDS� LV� D� OLWWOH� OHVV� SRUWDEOH�� EXW� QHYHUWKHOHVV� LV� UHDVRQDEO\� TXLFN� WR�
HUHFW��DURXQG����PLQXWHV���7KLV�WUDS�UHTXLUHV�D�RQH�ZD\�VZLQJLQJ�GRRU�WR�EH�ZHOGHG�LQWR�RQH�
RI� WKH�ZHOG�PHVK�SDQHOV��DQG�RWKHU� WKDQ�WKDW�PRGLILFDWLRQ�LW� LV�VLPSO\�IRXU�VLGHV�RI�VWUDLJKW�
ZHOG�PHVK�SDQHO������FP�KHLJKW������FP�ZLGWK�ZLWK���FP�VTXDUHV���7KH�GRRU�LV����FP�ZLGH�
DQG�����FP�KLJK��(LJKW�ZDUDWDK�SRVWV�DQG�ODFLQJ�ZLUH�DUH�XVHG�WR�KROG�LW�WRJHWKHU��VHH�)LJ������
,W�LV�LPSRUWDQW�WKDW�WKH�ZHOG�PHVK�SDQHOV�DUH�VSOLFHG�WRJHWKHU�ZLWK�WKH�ZDUDWDKV�RQ�WKH�RXWVLGH�
RI� WKH� WUDS��$Q�H[WUD�SUHFDXWLRQ�ZKHQ� WUDSSLQJ� ODUJH�SLJV� LV� WR�XVH�D� WLJKW�ZLUH�DOO� WKH�ZD\�
DURXQG� WKH� LQVLGH� WRS� DERXW� ��� FP� LQ�� 7KH� FRVW� IRU� WKLV� W\SH� RI� ZHOG�PHVK� WUDS� LV�
DSSUR[LPDWHO\������SOXV�WKH�ZHOGLQJ�FRVWV�IRU�HDFK�GRRU��
�
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�
)LJ�����3RUWDEOH�IHUDO�SLJ�ER[�WUDS�DV�LV�RIWHQ�XVHG�LQ�$XVWUDOLD��VRXUFH��'HSDUWPHQW�RI�1DWXUDO�
5HVRXUFHV�DQG�0LQHV���������
�

�
)LJ�� ��:HOG�PHVK�SDQHO� WUDS� VHW�ZLWK� WKH� GRRU�ZLUHG� RSHQ� DQG� D� WUDLO� RI� IHUPHQWHG� EDUOH\�
OHDGLQJ�LQWR�WKH�WUDS��
�
�
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� %DLWLQJ�DQG�WUDSSLQJ�WHFKQLTXHV��)HUDO�SLJV�FDQ�EH�H[WUHPHO\�ZDU\�RI�QHZ�IRRG�W\SHV�
RU�REMHFWV� LQ� WKHLU� HQYLURQPHQW� �L�H�� WKH\�FDQ�EH�QHRSKRELF��� DQG� LW� LV� WKHUHIRUH�HVVHQWLDO� WR�
DOORZ�SLJV�WR�JHW�FRQILGHQW�ZLWK�WKH�WUDS�DQG�EDLW�W\SH�EHIRUH�VHWWLQJ��7KXV�WUDSV�VKRXOG�EH�VHW�
RSHQ�DQG�EDLWHG�IRU�DW�OHDVW���±���GD\V��7KHUH�DUH�VHYHUDO�GLIIHUHQW�EDLW�W\SHV�WR�XVH��EXW�EDLW�
WKDW� LV� HDVLO\� WUDQVSRUWHG� �RQ� XWH� RU� PRWRUELNH��� UHDGLO\� DYDLODEOH�� DQG� FKHDS� VKRXOG� EH�
VHOHFWHG�� )RU� WKLV� UHDVRQ� FDUFDVVHV� DUH� RIWHQ� QRW� LGHDO� DV� SUHIHHG� DQG� DUH� WKHUHIRUH� OHVV�
HIIHFWLYH�DV�EDLW��*UDLQV�VXFK�DV�PDL]H�RU�EDUOH\�DUH�PRUH�XVHU�IULHQGO\��/DQGFDUH�5HVHDUFK�
KDV�XVHG� IHUPHQWHG�EDUOH\�ZLWK�JRRG�VXFFHVV� �,��<RFNQH\��SHUV��REV����7R� IHUPHQW� WKLV�EDLW�
W\SH�SODFH�WKH�EDUOH\�LQ�D�ODUJH�EODFN�FRQWDLQHU�ZLWK�ZDWHU�DGGHG�DQG�OHDYH�LQ�GLUHFW�VXQOLJKW�
GXULQJ�VXPPHU�IRU���±���GD\V�RU�XQWLO�WKH�EDUOH\�KDV�D�SXQJHQW��IHUPHQWHG�RGRXU��0DL]H�LV�
DQRWKHU� VXFFHVVIXO� EDLW� XVHG� E\� VHYHUDO� JDPH� HVWDWH� RSHUDWLRQV�� ,W� FDQ� EH� XVHG� GU\� LQ�
DXWRPDWLF�IHHGHUV�RU�D�PLQL�VLOR�W\SH�RSHUDWLRQ�IRU�SUH�IHHGLQJ��3UH�IHHGLQJ�DUHDV�FDQ�DOVR�EH�
XVHIXO�IRU�ERWK�VQDULQJ�DQG�UHWXUQLQJ�DW�QLJKW�WR�VKRRW�SLJV�ZLWK�WKH�DLG�RI�D�VSRWOLJKW��.HVVOHU�
������6FKX\OHU�HW��DO���������
�
7KH� WUDSSLQJ� URXWLQH� XVHG� VXFFHVVIXOO\� E\� /DQGFDUH� 5HVHDUFK� LV� EDVHG� RQ� WKH� XVH� RI�
IHUPHQWHG�EDUOH\�DV�D�EDLW�W\SH�DQG�LV�RXWOLQHG�EHORZ��DIWHU�+RQH��������
•� )LQG�DUHDV�RI�VLJQLILFDQW�SLJ�DFWLYLW\�WR�VWDUW�SUH�IHHGLQJ��
•� 3UH�IHHG�WKH�DUHD�ZLWK�ZHOO�IHUPHQWHG�EDUOH\�LQ�VPDOO�FOXPSV�RI�DSSUR[LPDWHO\���NJ�ORWV��

DQG�WU\�WR�NHHS�WKH�IHUPHQWHG�EDUOH\�IURP�GU\LQJ�RXW��
•� 2QFH�WKHUH�LV�FRQWLQXDO�EDLW�WDNH�DW�D�VLWH��FRQVWUXFW�RU�SODFH�WKH�WUDS�XQVHW��ZLUHG�RSHQ���
•� 3UH�IHHG� ERWK� DURXQG� DQG� LQ� WKH� WUDS� �XQVHW�� XQWLO� DOO� WKH� EDLW� LV� WDNHQ�� IRU� DW� OHDVW� ��

FRQVHFXWLYH�QLJKWV��
•� 6HW�WKH�WUDS��UHEDLW�DQG�FKHFN�GDLO\��NLOOLQJ�DQG�UHPRYLQJ�DOO�FDSWXUHG�SLJV�IURP�WKH�WUDS��

XQWLO�WKHUH�LV�QR�PRUH�EDLW�WDNH��
•� 6WDUW�SUH�IHHGLQJ�DQRWKHU�DUHD�DQG�PRYH�WKH�WUDS�RQ�RQFH�LW�KDV�VWRSSHG�FDWFKLQJ��
�
2WKHU�SRLQWV�WR�QRWH�ZKHQ�WUDSSLQJ�DUH��
•� 7U\�WR�ORFDWH�WUDSV�RU�SUH�IHHG�VLWHV�LQ�D�FLUFXLW�WR�PDNH�IRU�HDV\�GDLO\�FKHFNLQJ��
•� 'R�QRW�EH�SXW�RII�LI�WKH�SLJV�ZLOO�QRW�HQWHU�WKH�WUDS�RU�HDW�WKH�EDLW�DW�ILUVW�DV�WLPH�VKRXOG�

RYHUFRPH�WKLV��
•� .HHS�DFWLYLW\�LQ�WKH�DUHD�WR�D�PLQLPXP�DQG�FHDVH�WKH�XVH�RI�KXQWLQJ�GRJV�LI�\RX�KDYH�D�

ODUJH�JURXS�RI�SLJV�WKDW�FRXOG�EH�WUDSSHG��
•� .LOO�WKH�SLJV�LQ�WKH�WUDS�KXPDQHO\��VKRRW�LQ�WKH�KHDG�ZLWK�D�FHQWUHILUH�ULIOH��DQG�UHPRYH�

WKH�FDUFDVVHV�IURP�WKH�DUHD��
�

$HULDO�VKRRWLQJ�
$HULDO�VKRRWLQJ�RI�IHUDO�SLJV�XVLQJ�D�KHOLFRSWHU�FDQ�EH�YHU\�VXFFHVVIXO�LQ�RSHQ�FRXQWU\�ZKHUH�
SLJV�DUH�HDVLO\�YLVLEOH�DQG�WKHUH�LV�DPSOH�RSSRUWXQLW\�IRU�WKH�VKRRWHU��7KLV�WHFKQLTXH�JHQHUDOO\�
UHVXOWV� LQ�D�TXLFN�SRSXODWLRQ�NQRFNGRZQ�� WKH�VXFFHVV�RI�VKRRWLQJ�SLJV� IURP�KHOLFRSWHUV�KDV�
EHHQ� ZHOO� GRFXPHQWHG� �&KRTXHQRW� HW� DO�� ������� DQG� UDQJHV� DV� KLJK� DV� ���� SRSXODWLRQ�
UHGXFWLRQ� LQ� WKH� ILUVW� \HDU� RI� DHULDO� FRQWURO� �6DXQGHUV��������1R�DWWHPSW�KDV�EHHQ�PDGH� LQ�
1HZ�=HDODQG� WR� DVVHVV� WKH� RYHUDOO� HIIHFWLYHQHVV� RI� DHULDO� KXQWLQJ� RI� IHUDO� SLJV�� DOWKRXJK� D�
UHFHQW� WULDO� HYDOXDWLQJ� WKH� -XGDV� WHFKQLTXH�ZLWK� VWUDLJKW� DHULDO� KXQWLQJ� KDV� EHHQ� FRPSOHWHG�
�<RFNQH\�	�1XJHQW��������
�
7KH� PRVW� FRVW�HIIHFWLYH� KHOLFRSWHU� IRU� WKHVH� DHULDO� FRQWURO� RSHUDWLRQV� LV� WKH� WZR�VHDWHU�
5RELQVRQ� 5��� DW� D� FRVW� RI� DERXW� ����� �� *67� SHU� KRXU� H[FOXVLYH� RI� VKRRWHU� ZDJHV� DQG�
DPPXQLWLRQ�XVHG��$GGLWLRQDO� FRVWV�ZLOO� EH� LQFXUUHG� IRU� IHUU\LQJ� WLPH�� 7KH� HIIHFWLYHQHVV� RI�
DHULDO�VKRRWLQJ�LQ�WKH�7H�8UL�DUHD�ZLOO�GHSHQG�RQ�ORFDWLQJ�SLJV�RXWVLGH�KLJK�YHJHWDWLRQ�ZKHUH�
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ERWK� SLORW� DQG� VKRRWHU� FDQ� VHH� WKHP�� &RQVHTXHQWO\�� HIIHFWLYHQHVV� PLJKW� EH� PD[LPLVHG� LI�
KXQWLQJ� LV� UHVWULFWHG� WR� VHDVRQV� LQ�ZKLFK�SLJV� IDYRXU� VKRUWHU�YHJHWDWLRQ�DQG� WKHUHE\�H[SRVH�
WKHPVHOYHV�WR�DHULDO�VKRRWLQJ�RU�WR�DHULDO�VKRRWLQJ�ZKLOH�WKH�SODQWDWLRQ�IRUHVWU\�LV�VWLOO�\RXQJ�
HQRXJK�WR�JHW�JRRG�YLVLELOLW\�GRZQ�WKURXJK�WKH�\RXQJ�WUHHV��
�
$Q�H[DPSOH�RI� WKH�HIIHFWLYHQHVV�RI�DHULDO�VKRRWLQJ�ZDV�UHFHQWO\�GHPRQVWUDWHG�LQ� WKH�&&/*�
FRQWURO� SURJUDPPH�� 3UHYLRXV� KHOLFRSWHU� VKRRWLQJ� LQ� WKLV� DUHD� ZDV� JHQHUDOO\� FRQVLGHUHG�
XQVXFFHVVIXO��H[SHQVLYH��DQG�OLPLWHG�LQ�VFRSH�GXH�WR�WKH�YHU\�KLJK�VFUXEE\�YHJHWDWLRQ��\RXQJ�
SLQHV�DQG�H[WHQVLYH�EURRP���+RZHYHU��XVLQJ�DQ�H[WUHPHO\�H[SHULHQFHG�ZLOG�DQLPDO�FRQWURO�
SLORW�DQG�VKRRWHU�IRU���GD\V�RI�KHOLFRSWHU�VKRRWLQJ��DSSUR[����KRXUV�GD\��\LHOGHG�����DQG�����
SLJV�VKRW�UHVSHFWLYHO\��7KH�SLORW�FRPPHQWHG�WKDW�DOWKRXJK�WKH�YHJHWDWLRQ�ZDV�YHU\�KLJK��KH�
FRXOG�JHQHUDOO\�ZRUN�WKH�SLJV�RXW�DQG�LQWR�D�VKRRWDEOH�VLWXDWLRQ���
�

-XGDV�SLJV�
-XGDV�DQLPDOV�FDQ�EH�XVHG�LQ�FRQWURO�SURJUDPPHV�IRU�ORFDWLQJ�WDUJHW�VSHFLHV�ZKHUH�WKH\�DUH�
HLWKHU�ZLGHO\�VSUHDG�RU�NHHS�SUHGRPLQDQWO\�WR�GHQVH�FRYHU��7KH�PHWKRG�LQYROYHV�KDYLQJ�RQH�
RI� WKH� WDUJHW� VSHFLHV� UDGLR�FROODUHG�� DQG� WKHQ� WUDFNLQJ� WKLV� LQGLYLGXDO� WR� UH�ORFDWH� LW� DQG�
KRSHIXOO\�RWKHUV�RI�WKH�VDPH�VSHFLHV�WKDW�LW�KDV�WHDPHG�XS�ZLWK��-XGDV�JRDWV�KDYH�EHHQ�KLJKO\�
HIIHFWLYH�LQ�VRPH�KDELWDWV��PDLQO\�EHFDXVH�IHUDO�JRDWV�DUH�YHU\�JUHJDULRXV��-XGDV�SLJ�ZRUN�KDV�
PHW�ZLWK�YDU\LQJ�VXFFHVV�LQ�1HZ�=HDODQG�DQG�$XVWUDOLD��,Q�RSHQ�2WDJR�KDELWDW�LW�ZDV�KLJKO\�
HIIHFWLYH� IRU� ORFDWLQJ� VSDUVHO\� GLVWULEXWHG� SLJV� RYHU� D� ODUJH� DUHD� �.QRZOHV� ������� ,Q�
0ROHVZRUWK�6WDWLRQ��WKH�WHFKQLTXH�ZDV�SDUWLFXODUO\�XVHIXO�IRU�VKRRWLQJ�SLJV�LQ�DUHDV�RI�GHQVH�
YHJHWDWLRQ� WKDW� ZRXOG� QRUPDOO\� EH� IORZQ� RYHU� ZLWK� QR� VLJKWLQJ� ZKHQ� KXQWLQJ� IURP� D�
KHOLFRSWHU�ZLWKRXW�WKH�DELOLW\� WR� WUDFN�WKH�SLJV��<RFNQH\�	�1XJHQW��������%HVW�VXFFHVV�KDV�
EHHQ� DFKLHYHG�ZKHQ� VRZV� DUH� XVHG� WKDW� DUH� IDPLOLDU� ZLWK� WKH� DUHD�� WKHUHIRUH� WUDSSLQJ� DQG�
UDGLR�FROODULQJ� VRZV� IURP� WKH� DUHD� LQWHQGHG� IRU� FRQWURO� LV� UHFRPPHQGHG� �-��0F,OUR\� SHUV��
FRPP����7KH�-XGDV�SLJ�WHFKQLTXH�FDQ�ZRUN�LQ�FRQMXQFWLRQ�ZLWK�WUDSSLQJ�RSHUDWLRQV��DV�VRZV�
FDXJKW� LQ� WUDSV� FDQ� EH� UDGLR�WDJJHG� DQG� UHOHDVHG� �SHUPLWV�ZLOO� EH� UHTXLUHG� XQGHU� WKH�:LOG�
$QLPDO� &RQWURO� $FW��� $� VLPSOH� UDGLR�WUDQVPLWWHU� WDJ� GHYHORSHG� E\� 6LUWUDFN� 1=�
�ZZZ�6LUWUDFN�FRP��LV�FRQYHQLHQW�WR�XVH�DQG�FDQ�EH�UHDGLO\�XVHG�E\�ODQGRZQHUV��7KH�FRVW�SHU�
UDGLR�WDJ�LV�DSSUR[LPDWHO\��������*67�DQG�WKHVH�FDQ�EH�UHXVHG�RQ�RWKHU�SLJV�LI�E\�DFFLGHQW�
WKH�-XGDV�SLJ�LV�PLVWDNHQO\�VKRW�RU�GLHV�QDWXUDOO\��7KH�FRVW�RI�WHOHPHWU\�HTXLSPHQW��DHULDO�DQG�
UHFHLYHU�� ZRXOG� EH� DGGLWLRQDO� LI� WKH� KHOLFRSWHU� FRPSDQ\� FRQWUDFWHG� GRHV� QRW� KDYH� WKLV�
HTXLSPHQW��
�
6RPH�NH\�UHFRPPHQGDWLRQV�IRU�-XGDV�3LJ�ZRUN��
•� 5DGLR�WDJ� ORFDOO\�FDXJKW�VRZV��IURP�WUDSSLQJ�RSHUDWLRQV��DQG�PDUN� WKHP�FOHDUO\��VSUD\�

GD]]OH�RU�ODUJH�HDU�WDJV���
•� 0D[LPLVH�WKH�DUHD�WKH�-XGDV�SLJV�FDQ�FRYHU�E\�UDGLR�WDJJLQJ�VRZV�RYHU�D�ODUJH�DUHD��
•� (QVXUH� WKH� SLORW� KDV� DPSOH� H[SHULHQFH� ZLWK� UDGLR�WHOHPHWU\� ZRUN� DQG� DHULDO� VKRRWLQJ�

WHFKQLTXHV��
•� 0D[LPLVH�WKH�KHOLFRSWHU�HIIRUW�E\�KDYLQJ�DV�PDQ\�-XGDV�SLJV�WR�WUDFN�DV�SUDFWLFDO�EHIRUH�

KLULQJ�WKH�KHOLFRSWHU��
•� %HIRUH�UHOHDVLQJ�UDGLR�FROODUHG�SLJV��JHW�'HSDUWPHQW�RI�&RQVHUYDWLRQ�DSSURYDO�WR�GR�VR��
�

*URXQG�KXQWLQJ�ZLWK�GRJV�
*URXQG�KXQWLQJ�ZLWK� µSLJ�GRJV¶� LV� WKH� VWDQGDUG�PHWKRG�RI� UHFUHDWLRQDO�SLJ�KXQWLQJ� LQ�1HZ�
=HDODQG��3LJ�KXQWLQJ�ZLWK�GRJV��DV�D�FRQWURO�WRRO��LV�OLNHO\�WR�EH�WKH�PRVW�HIIHFWLYH�PHWKRG�RI�
SLJ�FRQWURO�ZKHQ�KXQWHUV�DUH�H[SHULHQFHG��XVLQJ�ZHOO�WUDLQHG�GRJV��DQG�WKH�IRFXV�LV�RQ�FRQWURO�
�DV�RSSRVHG�WR�UHFUHDWLRQDO�KXQWLQJ���7KH�H[FHSWLRQ�WR�WKLV�LV�ZKHUH�WKH�KDELWDW�EHFRPHV�PRUH�
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GHPDQGLQJ��VWHHS�DQG�RYHUJURZQ���ZKHQ�WKH�HIIHFWLYHQHVV�RI�ERWK�SLJ�KXQWHUV�DQG�WKHLU�GRJV�
GHFOLQHV��7KHUH� LV� HYLGHQFH� WKDW� WKH� HIIHFWLYHQHVV� RI� KXQWLQJ�GRJV� GHFOLQHV� DV�SLJ� JURXS�RU�
PRE�VL]HV�LQFUHDVH��&DOH\�	�2WWOH\��������EHFDXVH�ZKHQ�GRJV�HQFRXQWHU�D�PRE�RI�SLJV�RQO\�
D�VPDOO�QXPEHU�RI�WKRVH�SLJV�LV�DFWXDOO\�FDXJKW�DQG�NLOOHG��DV�RSSRVHG�WR�D�KLJK�SURSRUWLRQ�RI�
VLQJOH�SLJV�ZKHQ�HQFRXQWHUHG��
�
,I�SLJ�QXPEHUV� LQFUHDVH�GUDPDWLFDOO\�� UHFUHDWLRQDO�SLJ�KXQWLQJ�ZLWK�GRJV�DV� WKH�VROH�FRQWURO�
WRRO�FDQ�QR�ORQJHU�NHHS�WKH�QXPEHUV�LQ�FKHFN�DQG�ZRXOG�UHTXLUH�DGGLWLRQDO�FRQWURO��+RZHYHU��
LW� LV� UHDVRQDEOH� WR� H[SHFW� WKDW� RQFH� SLJ� QXPEHUV� DUH� UHWXUQHG� WR� ORZHU� GHQVLWLHV�� JURXQG�
KXQWLQJ� ZLWK� GRJV� ZLOO� DJDLQ� EH� HIIHFWLYH� DW� PDLQWDLQLQJ� SLJ� QXPEHUV� DW� ORZ� GHQVLWLHV��
SURYLGLQJ�UHFUHDWLRQDO�KXQWHUV�FRQWLQXH�WR�KXQW�DUHDV�ZLWK�IHZ�SLJV���

��� 0DQDJHPHQW�2SWLRQV�

�
$V� ZLWK� RWKHU� VSHFLHV� RI� YHUWHEUDWH� SHVWV�� IHUDO� SLJV� DUH� RIWHQ� VHHQ� DV� ERWK� D� SHVW� DQG� D�
UHVRXUFH�� PDNLQJ� PDQDJHPHQW� GHFLVLRQV� GLIILFXOW� GXH� WR� ERWK� VRFLDO� DQG� ELRORJLFDO�
LPSOLFDWLRQV�� :KLOH� VRPH� SHRSOH� PD\� ZDQW� IHUDO� SLJV� HUDGLFDWHG� EHFDXVH� RI� XQZDQWHG�
SURGXFWLRQ� LPSDFWV�� RWKHUV� PD\� ZDQW� WR� UHOHDVH� PRUH� SLJV� LQ� ORFDO� DUHDV� WR� HQKDQFH�
UHFUHDWLRQDO�RSSRUWXQLWLHV��
%HIRUH�GHYHORSLQJ�DQ\�FRQWURO�SODQ�WKHUH�PXVW�EH�DJUHHPHQW�DPRQJ�WKH�SDUWLHV�WKDW�WKHUH�LV�D�
SUREOHP�WR�DGGUHVV��DQG�WKDW�DOO�SDUWLHV�DUH�NHHQ�WR�ZRUN�WRJHWKHU�WR�ILQG�D�PXWXDOO\�EHQHILFLDO�
VROXWLRQ��'HYHORSPHQW�RI�WKH�SODQ�QHHGV�WR�EH�D�FROODERUDWLYH�HIIRUW��
/LNH�DQ\�FRQWURO�SODQ�IRU�YHUWHEUDWH�SHVWV�ZKHQ�FRQWURO�LV�FRQVLGHUHG�QHFHVVDU\�WKHUH�QHHGV�WR�
EH� D� VWUDWHJLF� DSSURDFK� WR� PDQDJH� IHUDO� SLJV� DQG� PLQLPLVH� WKH� GDPDJH� WKH\� FDXVH� WR�
SURGXFWLRQ� RU� FRQVHUYDWLRQ� YDOXHV�� 7KH� IRXU� NH\� PDQDJHPHQW� FRPSRQHQWV� WKDW� QHHG�
FRQVLGHULQJ�LQ�WKLV�DSSURDFK�DUH��
�
����'HILQH�WKH�SUREOHP�
&OHDUO\�D�SUREOHP�PXVW�H[LVW�DQG�EH�PHDVXUDEOH��WKLV�FRXOG�EH�GDPDJH�WR�QDWLYH�YHJHWDWLRQ��
LPSDFWV�RQ�SURGXFWLRQ�YDOXHV��RU�VWRFN�ORVVHV�GXH�WR�SUHGDWLRQ��7KH�SUREOHP�ZLOO�QHHG�WR�EH�
TXDQWLILHG�LQ�VRPH�PHDVXUDEOH�ZD\��$Q�H[DPSOH�RI�WKLV�LV�WKH�GHFUHDVHG�VWRFN�XQLWV�DEOH�WR�EH�
FDUULHG�SHU�KHFWDUH�GXH�WR�SDVWXUH�GDPDJH�FDXVHG�E\�SLJV��RU�WKH�SHUFHQWDJH�RI�SDVWXUH�URRWHG�
SHU�KHFWDUH��
�
����0DQDJHPHQW�SODQ�
$� PDQDJHPHQW� SODQ� VKRXOG� EH� SUHSDUHG� ZLWK� FOHDU� REMHFWLYHV� HVWDEOLVKHG� LQ� WHUPV� RI� WKH�
GHVLUHG� RXWFRPH� VRXJKW�� 7KH� PDQDJHPHQW� SODQ� VKRXOG� EH� DFKLHYDEOH� WDNLQJ� LQWR�
FRQVLGHUDWLRQ� VWUDWHJLF� FRQWURO� RSWLRQV� ������ DQG� WKH� WHFKQLTXHV� RU� WRROV� ������ DYDLODEOH� IRU�
FRQWURO�� L�H�� WKHUH� LV� OLWWOH� SRLQW� LQ�GUDZLQJ�XS�DQ� HUDGLFDWLRQ�SODQ� LI� WKLV� VWHS� LV� FRQVLGHUHG�
WHFKQLFDOO\�LPSRVVLEOH��
�
����,PSOHPHQWDWLRQ�
+RZ�ZLOO� WKH�SODQ�EH� LPSOHPHQWHG�RQ�D� ORFDO� DQG� UHJLRQDO� OHYHO"�:LOO� LW�EH�D�FR�RUGLQDWHG�
DSSURDFK�E\�IDUPHUV��ORFDO�RU�UHJLRQDO�JRYHUQPHQW�DJHQFLHV"�:KR�KDV�WKH�H[SHULHQFH�WR�GHDO�
ZLWK�WKH�WDUJHW�VSHFLHV"�:KR�ZLOO�IXQG�LW�DQG�IRU�KRZ�ORQJ"�$Q\�LPSOHPHQWDWLRQ�DFWLRQV�ZLOO�
UHTXLUH�WKH�FRRSHUDWLRQ�RI�ODQGRZQHUV�DQG�ODQG�PDQDJHUV�RI�ERWK�SXEOLF�DQG�SULYDWH�ODQGV��
�
����0RQLWRULQJ�DQG�HYDOXDWLRQ�
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7KHUH� DUH� WZR� FRPSRQHQWV� WR� PRQLWRULQJ� �RSHUDWLRQDO� DQG� SHUIRUPDQFH��� 2SHUDWLRQDO�
PRQLWRULQJ� DVVHVVHV� WKH� HIILFLHQF\� RI� WKH� PDQDJHPHQW� SURJUDPPH� RYHU� WLPH�� WR� HQVXUH�
FRQWURO� LV� EHLQJ� FDUULHG� RXW� LQ� WKH� PRVW� FRVW�HIIHFWLYH� PDQQHU�� 3HUIRUPDQFH� PRQLWRULQJ�
PHDVXUHV�WKH�VXFFHVV�RI�WKH�SURJUDPPH�DW�DFKLHYLQJ�WKH�JRDOV�RI�WKH�SODQ��L�H��D�PHDVXUDEOH�
GHFUHDVH�LQ�LPSDFWV�DIWHU�SLJ�FRQWURO�DV�VSHOW�RXW�LQ�µGHILQLQJ�WKH�SUREOHP¶�DERYH��
�
'HILQLQJ� DQ� DFFHSWDEOH� OHYHO� RI� LPSDFW� DQG� WKHUHIRUH� SRSXODWLRQ� GHQVLW\� LV� UHTXLUHG� WR�
FRPSOHWH� D� VXFFHVVIXO� FRQWURO� RSHUDWLRQ�� )RU� LQVWDQFH�� UHODWLYH� SRVVXP� DEXQGDQFH� FDQ� EH�
PHDVXUHG�XVLQJ�WKH�5HVLGXDO�7UDS�&DWFK�,QGH[��57&,��DQG�D�FRQWURO�RSHUDWLRQ�ZLOO�VWLSXODWH�
WKH�GHVLUHG�57&,�WKDW�LV�FRQVLGHUHG�D�VXFFHVV��JHQHUDOO\�DW�D�OHYHO�WKDW�ZLOO�QRW�VXVWDLQ�7E��VD\�
���� 57&,��� :LWK� WKH� SRVVXP� H[DPSOH� ZH� KDYH� D� PHDVXUH� RI� UHODWLYH� DEXQGDQFH� �RU�
SRSXODWLRQ�GHQVLW\��DQG�D�GHILQHG�PHDVXUH�RI� LPSDFWV��L�H��GLVHDVH�SHUVLVWHQFH� LI�SRSXODWLRQ�
!��� 57&,��� %\� KDYLQJ� ERWK� D� PHDVXUH� RI� DEXQGDQFH� �57&,�� DQG� LPSDFWV� �GLVHDVH�
WUDQVPLVVLRQ� UDWHV�� LW� LV� HDV\� WR� TXDQWLI\� RXWFRPHV� DIWHU� FRQWURO� DQG� GHWHUPLQH� VXFFHVV� RU�
IDLOXUH�RI�DQ�RSHUDWLRQ��2WKHU�YHUWHEUDWH�SHVWV�KDYH�VLPLODU�SRSXODWLRQ�LQGLFHV�WKDW�DUH�VXLWDEOH�
IRU� HQIRUFHPHQW�RU� GHILQLQJ� VXFFHVV�RU� IDLOXUH� RI� FRQWURO� RSHUDWLRQV� �L�H�� UDEELWV��ZDOODELHV��
HWF���+RZHYHU�� IHUDO� SLJ� SRSXODWLRQV� DQG� WKHLU� LPSDFWV� DUH� ERWK� GLIILFXOW� DQG� FRVWO\� WR�
PHDVXUH��PDNLQJ�DQ\�PHDVXUDEOH�JRDOV�DQG�FRPSOLDQFH�RI�D�FRQWURO�SODQ�H[WUHPHO\�GLIILFXOW�
LI�QRW�LPSRVVLEOH�WR�DFKLHYH�RU�HQIRUFH��7KHUH�LV�FXUUHQWO\�QR�µRIILFLDO
�ZD\�RI�PHDVXULQJ�SLJ�
SRSXODWLRQV�RU�WKHLU�LPSDFWV�LQ�1HZ�=HDODQG��$EXQGDQFH�HVWLPDWHV�DQG�LQGLFHV�UREXVW�HQRXJK�
WR� EH� XVHG� WR� HQIRUFH� FRQWURO� RQ� ODQGRZQHUV�ZRXOG� QHHG� WR� EH� UHSHDWDEOH� DQG� GHIHQGDEOH��
*LYHQ� WKH� UHFHQW� QXPEHU� RI� UHJLRQDO� FRXQFLO�� 'HSDUWPHQW� RI� &RQVHUYDWLRQ� DQG� IDUPHU�
FRQFHUQV�RYHU�LQFUHDVLQJ�SLJ�SRSXODWLRQV�DQG�LPSDFWV��WKHUH�LV�D�QHHG�IRU�WKH�GHYHORSPHQW�RI�
D�UHSHDWDEOH��UHODWLYHO\�VLPSOH�EXW�VFLHQWLILFDOO\�UREXVW�PHWKRG�IRU�PRQLWRULQJ�SLJ�DEXQGDQFH�
DQG�LPSDFWV��
�

��� ,PSOLFDWLRQV�IRU�7H�8UL�6LWH�

�
:LWKRXW�DGGLWLRQDO�LQIRUPDWLRQ�DQG�D�VLWH�YLVLW�QR�VSHFLILF�UHFRPPHQGDWLRQV�FDQ�EH�PDGH�IRU�
WKLV� VLWH��+RZHYHU��EDVHG�RQ� WKH� LQIRUPDWLRQ� LQ� WKLV� UHSRUW� DQG� WKH�EDFNJURXQG� LQIRUPDWLRQ�
VXSSOLHG��VRPH�DGGLWLRQDO�VLWH�VSHFLILF�FRPPHQWV�FDQ�EH�PDGH��
��
,W�LV�DSSDUHQW�WKDW�WKH�µSLJ�SUREOHP¶�OLHV�ZLWK�WKRVH�IDUPHUV�QRUWK�RI�7H�8UL�5RDG�ZKHUH�SLJ�
µLQYDVLRQ¶�KDV�RQO\�UHFHQWO\�RFFXUUHG���������7KLV� LQYDVLRQ�RI�SLJV�VHHPV� WR�KDYH�RFFXUUHG�
DIWHU�D�VLJQLILFDQW�GURXJKW�DQG�DQ�LQFUHDVH�LQ�SLJ�QXPEHUV�LQ�DUHDV�VRXWK�RI�7H�8UL�5RDG��3LJV�
VHHP� WR� KDYH� HVWDEOLVKHG� IROORZLQJ� WKH� SODQWLQJ� RI� VRPH� ����� KD� RI� DGMDFHQW� ODQG� LQ�
SURGXFWLRQ�IRUHVW��WKHUHE\�SURYLGLQJ�SLJV�D�KDELWDW�FRUULGRU�DQG�UHIXJH��7KH�ORFDO�IDUPHUV�DUH�
MXVWLILDEO\�DJJULHYHG�KDYLQJ�WR�GHDO�ZLWK�D�SLJ�SUREOHP�WKDW��XQWLO�UHFHQWO\��ZDV�QRQ�H[LVWHQW���
�
,Q�RUGHU�WR�DGGUHVV�WKH�SUREOHP�D�VWUDWHJLF�DSSURDFK�VKRXOG�EH�IROORZHG�WR�GHILQH�WKH�SUREOHP�
DQG�SUREOHP�DUHDV��GUDZ�XS�D�PDQDJHPHQW��RU�FRQWURO�SODQ���LPSOHPHQW�WKH�SODQ��DQG�PRQLWRU�
WKH� RXWFRPHV�� ,Q� WKH� 7H� 8UL� LQVWDQFH� LW� PD\� EH� DUJXHG� WKDW� D� SURDFWLYH� DSSURDFK� WR�
PLQLPLVLQJ� SLJ� LPSDFWV� ZKLOH� VWLOO� DW� UHODWLYHO\� ORZ� OHYHOV� ZRXOG� EH� SUXGHQW�� UDWKHU� WKDQ�
ZDLWLQJ�IRU�WKH�SUREOHP�WR�SHUVLVW�DQG�WKHUHIRUH�EHFRPH�PRUH�µH[SHQVLYH�WR�IL[¶��
�
7KH� VSHFLILF� LPSDFWV� LQ� WKH� DUHD� QHHG� WR� EH� FODULILHG� DQG� PHDVXUHG�� DQG� WKHQ� WKH� FRVW� RI�
FRQWURO�FRPSDUHG�ZLWK�WKH�OLNHO\�FRVW�RI�LPSDFW��$�FRQWURO�SODQ�LV�PRVW�OLNHO\�WR�EH�IRFXVHG�
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RQ�LQLWLDO�FRQWURO��WKHQ�PDLQWHQDQFH�RU�VXVWDLQHG�FRQWURO�DW�ORZ�OHYHOV��6XVWDLQHG�FRQWURO�DQG�
SRVVLEOH�µORFDO�HOLPLQDWLRQ¶�RI�SLJV�QRUWK�RI�7H�8UL�5RDG�PD\�EH�SRVVLEOH�WKURXJK�WKH�XVH�RI�
SLJ�SURRI�IHQFLQJ�DQG�RQJRLQJ�FRQWURO�WHFKQLTXHV��2QH�RSWLRQ�RI�PHDVXULQJ�VXFFHVV�LI�µORFDO�
HOLPLQDWLRQ¶� RI� SLJV� ZLWKLQ� D� SDUWLFXODU� DUHD� RI� WKH� 7H� 8UL� VLWH� LV� DWWHPSWHG� LV� VLPSO\� WKH�
SUHVHQFH� RU� DEVHQFH� RI� SLJV� �DQG� WKHLU� IUHVK� VLJQ�� ZLWKLQ� WKH� HUDGLFDWLRQ� DUHD�� WKLV� ZLOO�
LQGLFDWH�IDLOXUH�RU�VXFFHVV��7R�PDLQWDLQ�D�µSLJ�IUHH¶�DUHD��GHWHFWLQJ�QHZ�DUULYDOV�LV�FULWLFDO��DQG�
UHSRUWLQJ�VLJKWLQJV�VKRXOG�EH�HQFRXUDJHG��$OWHUQDWLYHO\�LPSOHPHQWDWLRQ�RI�D�PRUH�V\VWHPDWLF�
DSSURDFK� WR� VXUYHLOODQFH� FRXOG� EH� GHYHORSHG�� 7KHUH� LV� D� FRQFHUQ� DW� WKLV� VLWH� WKDW� LOOHJDO�
UHOHDVHV�RI�SLJV�FRXOG�MHRSDUGLVH�DQ\�ORFDO�HOLPLQDWLRQ�SROLF\��7KH�GLVFRYHU\�RI�D�7E�LQIHFWHG�
SLJ�LQ������ZLWK�D�VWUDLQ�W\SH�IURP�WKH�:DLUDUDSD�VXJJHVWV�LOOHJDO�UHOHDVH�V�KDYH�RFFXUUHG�LQ�
WKH�SDVW��
�

��� )LQGLQJV�DQG�'LVFXVVLRQ�

�
7KH� LVVXH� RI� LQFUHDVLQJ� SLJ� SRSXODWLRQV� RQ� ERWK� FRQVHUYDWLRQ� DQG� SURGXFWLRQ� ODQGV� KDV�
EHFRPH�PRUH�QRWLFHDEOH�WKURXJKRXW�1HZ�=HDODQG�VLQFH�WKH�ODWH�����V��7KLV�FDQ�EH�DWWULEXWHG�
WR�PDQ\� IDFWRUV� LQFOXGLQJ� VXFK� WKLQJV� DV� FKDQJHV� LQ�KDELWDW�� UHGXFWLRQ� LQ�KXQWLQJ�SUHVVXUH��
QHZ� HVWDEOLVKHG� SRSXODWLRQV�� ODFN� RI� D� FRPPHUFLDO� PDUNHW�� JXLGHG� KXQWLQJ�� DQG� SHUKDSV�
ZDUPHU�ZLQWHUV�LQFUHDVLQJ�SLJ�VXUYLYDO���
�
:LWK�LQFUHDVLQJ�SRSXODWLRQV��LPSDFWV�RI�IHUDO�SLJV�RQ�IDUPODQG��IRUHVWU\��DQG�WKH�FRQVHUYDWLRQ�
HVWDWH�KDYH�EHFRPH�QRWLFHDEOH��:KLOH�VRPH�LPSDFWV�KDYH��DQG�DUH�OLNHO\�WR�DOZD\V�EH��SUHVHQW�
LQ� DUHDV�RI� WUDGLWLRQDOO\�KLJK�SLJ�SRSXODWLRQV��QHZO\�HVWDEOLVKHG�SRSXODWLRQV�RU�SRSXODWLRQV�
LPSDFWLQJ�RQ�LQWHQVLYH�SURGXFWLRQ�IDUPODQG�DUH�PRUH�RIWHQ�VHHQ�DV�D�QXLVDQFH�WKDW�QHHGV�WR�
EH�FRQWUROOHG��
�
$�ZLGH�UDQJH�RI�FRQWURO� WRROV�DOUHDG\�H[LVW��DQG�KDYH�EHHQ�XVHG�WR�VXFFHVVIXOO\�FRQWURO�DQG�
HUDGLFDWH�SLJV�LQ�RWKHU�FRXQWULHV�DQG�IURP�ORFDO�DUHDV�ZLWKLQ�1HZ�=HDODQG��7KH�QHHG�WKHQ�LV�
QRW� VR� PXFK� IRU� QHZ� WHFKQLTXHV�� EXW� WR� HYDOXDWH� DQG� WHVW� LQ� 1HZ� =HDODQG� WKHVH� H[LVWLQJ�
PHWKRGV�� &RQWURO� DQG� HYHQ� ORFDO� HUDGLFDWLRQ� RI� IHUDO� SLJV� LQ� PDQ\� DUHDV� LV� DFKLHYDEOH�
SURYLGHG�WKH�VWUDWHJLF�RSWLRQV�DQG�WHFKQLFDO�FRQVLGHUDWLRQV�RXWOLQHG�LQ�VHFWLRQ���DUH�PHW��$Q\�
VSHQGLQJ�RQ�FRQWURO�ZRXOG�KDYH� WR�EH� MXVWLILHG� LQ�D� VWUDWHJLF�PDQDJHPHQW�SODQ� �RXWOLQHG� LQ�
VHFWLRQ� ��� ZKLFK� ZRXOG� LQFOXGH� DQ� DVVHVVPHQW� RI� WKH� SUREOHP�� D� SODQ� RI� DFWLRQ� DQG�
LPSOHPHQWDWLRQ�� DQG� D� PHWKRG� RI� HYDOXDWLRQ� DQG� PRQLWRULQJ� ERWK� WKH� PDQDJHPHQW� SODQ�
LPSOHPHQWDWLRQ�DQG�WKH�UHGXFWLRQ�LQ�SLJ�LPSDFWV���
�
7KHUH�LV�DOVR�QR�HVWDEOLVKHG�DQG�DFFHSWHG�PHWKRGRORJ\�IRU�YDOXLQJ�FRQVHUYDWLRQ�EHQHILWV��DQG�
SURGXFWLRQ�ORVVHV�DUH�SRRUO\�GHILQHG�DQG�TXDQWLILHG��7KLV�XQFHUWDLQW\�PDNHV�DQ\�GHFLVLRQ�RQ�
ZKHUH� DQG� KRZ� IUHTXHQWO\� WR� FRQWURO� SLJV�� DQG� RQ� KRZ�PXFK� WR� VSHQG� GRLQJ� VR�� GLIILFXOW��
-XVWLI\LQJ�SLJ�FRQWURO�LQ�PDQ\�DUHDV�LV�GLIILFXOW��DV�SLJ�FRQWURO�PD\�KDYH�DQ�RSSRUWXQLW\�FRVW�
E\� WDNLQJ� IXQGV� IURP� FRQWURO� RI� RWKHU� SHVWV� ZKRVH� LPSDFWV� DUH� NQRZQ�� ,W� LV� OLNHO\� WKDW�
SURJUHVVLYH� LPSURYHPHQW� LQ� PDQDJHPHQW� RI� SLJV� ZLOO� QHHG� WR� EH� XQGHUSLQQHG� E\� D�
SURJUDPPH�RI�RQJRLQJ�UHVHDUFK�WR�LGHQWLI\�FRVW�HIIHFWLYH�WRROV�IRU�SLJ�FRQWURO�DQG�WR�PRQLWRU�
WKH�RXWFRPHV�RI�DQ\�FRQWURO�XQGHUWDNHQ��
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���� 5HFRPPHQGDWLRQV�

�
•� $�VLWH�VSHFLILF�VWUDWHJLF�FRQWURO�SODQ�VKRXOG�EH�SUHSDUHG�DV�D�PHGLXP�(QYLUROLQN�$GYLFH�

SURMHFW��
•� 7KH� UHODWLRQVKLS�EHWZHHQ�SLJ�GHQVLW\�DQG� WKHLU� LPSDFWV� VKRXOG�EH�GHWHUPLQHG� WR�HQDEOH�

WDUJHW�GHQVLWLHV�WR�EH�VHW��
•� 3LJ� FRQWURO� VKRXOG� EH� LQLWLDWHG� RQFH� D� VLWH�VSHFLILF� VWUDWHJLF� SODQ� LV� DSSURYHG� DQG� DOO�

SDUWLHV� LQYROYHG�DJUHH�RQ�KRZ�EHVW� WR�PHDVXUH�SLJ�LPSDFWV��ZKLFK�ZLOO�GHWHUPLQH�LI� WKH�
FRQWURO�SURJUDPPH�LV�D�VXFFHVV�RU�IDLOXUH���

�
�

���� $FNQRZOHGJHPHQWV�

�
'DWD� IURP� WKH� UHFHQW� &RDVWDO� &RQZD\� /DQGFDUH� *URXS� SLJ� FRQWURO� MRE� ZDV� VXSSOLHG� E\�
PHPEHUV�RI�WKH�SLJ�FRQWURO�FRPPLWWHH��%UXFH�:DUEXUWRQ��/DQGFDUH�5HVHDUFK��FRPPHQWHG�RQ�
HDUOLHU�GUDIWV�RI�WKLV�UHSRUW��&KULVWLQH�%H]DU�FRPSOHWHG�HGLWLQJ�DQG�:HQG\�:HOOHU�FRPSOHWHG�
ILQDO�ZRUG� SURFHVVLQJ�� )XQGLQJ�ZDV� SURYLGHG� E\� WKH� )RXQGDWLRQ� RI�5HVHDUFK�� 6FLHQFH� DQG�
7HFKQRORJ\�(QYLUROLQN�VPDOO�DGYLFH�JUDQW�
�

���� 5HIHUHQFHV�

�
&DOH\� 3� ������ 7KH� HFRORJ\� DQG� PDQDJHPHQW� RI� IHUDO� SLJV� LQ� WKH� ZHW�GU\� WURSLFV� RI� WKH�

1RUWKHUQ�7HUULWRU\��8QSXEOLVKHG�0$SSO6F�WKHVLV��8QLYHUVLW\�RI�&DQEHUUD��$XVWUDOLD��
&DOH\� 3�� 2WWOH\� %� ������ 7KH� HIIHFWLYHQHVV� RI� KXQWLQJ� GRJV� IRU� UHPRYLQJ� IHUDO� SLJV� �6XV�

VFURID���:LOGOLIH�5HVHDUFK��������±�����
&KLPHUD�&��&ROHPDQ�0&��3DUNHV� -3�������'LHW� RI� IHUDO� JRDWV� DQG� IHUDO� SLJV�RQ�$XFNODQG�

,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������±�����
&KRTXHQRW� '� ������ 7KH� G\QDPLFV� RI� IHUDO� SLJ� SRSXODWLRQV� LQ� $XVWUDOLD¶V� VHPL�DULG�

UDQJHODQGV��8QSXEOLVKHG�3K'�WKHVLV��8QLYHUVLW\�RI�6\GQH\��$XVWUDOLD��
&KRTXHQRW� '�� 0F,OUR\� -�� .RUQ� 7� ������ 0DQDJLQJ� YHUWHEUDWH� SHVWV�� IHUDO� SLJV�� &DQEHUUD��

%XUHDX�RI�5HVRXUFH�6FLHQFHV��$XVWUDOLDQ�*RYHUQPHQW�3XEOLVKLQJ�6HUYLFH��
&UX]�)��'RQODQ�&-��&DPSEHOO�.��&DUULRQ�9�������&RQVHUYDWLRQ�DFWLRQ�LQ�WKH�*DODSDJRV��IHUDO�

SLJV��6XV�VFURID��HUDGLFDWLRQ�IURP�6DQWLDJR�,VODQG��%LRORJLFDO�&RQVHUYDWLRQ���������±
�����

'HSDUWPHQW� RI� 1DWXUDO� 5HVRXUFHV� DQG� 0LQHV� ������ &RQWURO� RI� )HUDO� 3LJV�� 'HSDUWPHQW� RI�
1DWXUDO�5HVRXUFHV�DQG�0LQHV�)DFWV�3HVW�6HULHV�3$���

+ROGHQ�3�������7KH�ZLOG�SLJ�LQ�1HZ�=HDODQG��$XFNODQG��+RGGHU�	�6WRXJKWRQ������S��
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+RQH� -� ������(IIHFW� RI� IHUDO� SLJ� URRWLQJ� RQ� LQWURGXFHG� DQG� QDWLYH� SDVWXUH� LQ� QRUWK�HDVWHUQ�
1HZ�6RXWK�:DOHV��-RXUQDO�RI�WKH�$XVWUDOLDQ�,QVWLWXWH�RI�$JULFXOWXUDO�6FLHQFH��������±
�����

+RQH�-�������&RQWUROOLQJ�IHUDO�SLJV��$JIDFW�$�������$JGH[������'HSDUWPHQW�RI�$JULFXOWXUH��
1HZ�6RXWK�:DOHV��

+RQH�-��$WNLQVRQ�%�������(YDOXDWLRQ�RI� IHQFLQJ� WR� FRQWURO� IHUDO�SLJ�PRYHPHQW��$XVWUDOLDQ�
:LOGOLIH�5HVHDUFK��������±�����

+RQH� -�� 6WRQH� &3� ������ $� FRPSDULVRQ� DQG� HYDOXDWLRQ� RI� IHUDO� SLJ� PDQDJHPHQW� LQ� WZR�
QDWLRQDO�SDUNV��:LOGOLIH�6RFLHW\�%XOOHWLQ��������±�����

.HVVOHU�&&� ������(UDGLFDWLRQ� RI� IHUDO� JRDWV� DQG� SLJV� DQG� FRQVHTXHQFHV� IRU� RWKHU� ELRWD� RQ�
6DULJDQ�,VODQG��&RPPRQZHDOWK�RI�WKH�1RUWKHUQ�0DULDQD�,VODQGV��,Q��9HLWFK�&5��&ORXW�
01� HGV� 7XUQLQJ� WKH� WLGH�� WKH� HUDGLFDWLRQ� RI� LQYDVLYH� VSHFLHV�� *ODQG�� 6ZLW]HUODQG��
,8&1�66&�,QYDVLYH�6SHFLHV�6SHFLDOLVW�*URXS��3S�����±�����

.QRZOHV�*-(�������8VH�RI�-XGDV�SLJ�PHWKRGRORJ\�IRU�FRQWUROOLQJ�WXEHUFXORVLV�LQ�IHUDO�SLJV�
�6XV�VFURID���0$)�4XDOLW\�0DQDJHPHQW�&RQWUDFW�5HSRUW��������XQSXEOLVKHG������S��

/XNLQV�%�������)HUDO�SLJV�� WUDSSLQJ�LQ�1HZ�6RXWK�:DOHV��$JIDFW�$���������VW�HGLWLRQ��1HZ�
6RXWK�:DOHV�$JULFXOWXUH��

1XJHQW�*��5HGGLH[�%��:KLWIRUG�-��<RFNQH\�,�������3LJV�DV�KRVWV�RI�ERYLQH� WXEHUFXORVLV� LQ�
1HZ� =HDODQG� ±� D� UHYLHZ�� 8QSXEOLVKHG� /DQGFDUH� 5HVHDUFK� &RQWUDFW� 5HSRUW�
/&����������/LQFROQ��

3DUNHV�-3�������(UDGLFDWLRQ�RI�IHUDO�JRDWV�RQ�LVODQGV�DQG�KDELWDW�LVODQGV��-RXUQDO�RI�WKH�5R\DO�
6RFLHW\�RI�1HZ�=HDODQG��������±�����

3DUNHV� -3� ������ 6XVWDLQLQJ� QDWXUDO� DQG� SURGXFWLYH� HFRV\VWHPV� RQ� %DQNV� 3HQLQVXOD� ±� ,��
(UDGLFDWLQJ�IHUDO�JRDWV�DQG�PDQDJLQJ�GRPHVWLF�JRDWV��8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�
&RQWUDFW�5HSRUW�/&����������/LQFROQ��

3DUNHV� -�� &ROHPDQ� 0�� :DONHU� .� ������ ,PSDFW� RI� IHUDO� SLJV� DQG� RWKHU� SUHGDWRUV� RQ�
3RZHOOLSKDQWD� KRFKVWHWWHUL� REVFXUD� DQG� VRLO� PDFURLQYHUWHEUDWHV� RQ� '¶8UYLOOH� ,VODQG��
8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&����������/LQFROQ��

3DYORY� 30�� .LOJRXU� 5-�� 3HGHUVRQ� +� ������ 3UHGDWLRQ� E\� IHUDO� SLJV� RQ� PHULQR� ODPEV� DW�
1\QJDQ�� 1HZ� 6RXWK� :DOHV�� $XVWUDOLDQ� -RXUQDO� RI� ([SHULPHQWDO� $JULFXOWXUH� DQG�
$QLPDO�+XVEDQGU\��������±�����

3HVW� $QLPDO� &RQWURO� &5&� ����±������ 5HVHDUFK� DQG� GHYHORSPHQW�� IHUDO� SLJ� PDQDJHPHQW��
PROHFXODU� HFRORJ\� DQG� EDLW� GHYHORSPHQW�� 3HVW�$QLPDO�&RQWURO�&5&��$QQXDO�5HSRUW��
$XVWUDOLD��3S����±����

5RZOH\� ,� ������ /DPE� SUHGDWLRQ� LQ� $XVWUDOLD�� LQFLGHQFH�� SUHGLVSRVLQJ� FRQGLWLRQV� DQG�
LGHQWLILFDWLRQ�RI�ZRXQGV��&6,52�:LOGOLIH�5HVHDUFK�������±�����

6DXQGHUV�*�������2EVHUYDWLRQV�RQ�WKH�HIIHFWLYHQHVV�RI�VKRRWLQJ�IHUDO�SLJV�IURP�KHOLFRSWHUV�LQ�
ZHVWHUQ�1HZ�6RXWK�:DOHV��:LOGOLIH�5HVHDUFK��������±�����

6DXQGHUV�*��.D\�%��3DUNHU�%�������(YDOXDWLRQ�RI�D�ZDUIDULQ�SRLVRQLQJ�SURJUDPPH�IRU�IHUDO�
SLJV��6XV�VFURID���$XVWUDOLDQ�:LOGOLIH�5HVHDUFK��������±�����

6DXQGHUV�*��.D\�%��1LFRO�+�������)DFWRUV�DIIHFWLQJ�EDLW�XSWDNH�DQG�WUDSSLQJ�VXFFHVV�IRU�IHUDO�
SLJV��6XV�VFURID��LQ�.RVFLXVNR�1DWLRQDO�3DUN��:LOGOLIH�5HVHDUFK��������±�����
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6FKX\OHU�37��*DUFHORQ�'.��(VFRYHU�6�������(UDGLFDWLRQ�RI�IHUDO�SLJV��6XV�VFURID��RQ�6DQWD�
&DWDOLQD� ,VODQG��&DOLIRUQLD��86$�� ,Q��9HLWFK�&5��&ORXW�01�HGV�7XUQLQJ� WKH� WLGH�� WKH�
HUDGLFDWLRQ� RI� LQYDVLYH� VSHFLHV�� *ODQG�� 6ZLW]HUODQG�� ,8&1� 66&� ,QYDVLYH� 6SHFLHV�
6SHFLDOLVW�*URXS��3S�����±�����

7KRPVRQ�&��&KDOOLHV�&1�������'LHW�RI�IHUDO�SLJV�LQ�WKH�SRGRFDUS�WDZD�IRUHVW�RI�WKH�8UHZHUD�
5DQJHV��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�������±����

7LVGHOO�&$�������:LOG�SLJV�� HQYLURQPHQWDO�SHVW�RU� HFRQRPLF� UHVRXUFH"�6\GQH\��3HUJDPRQ�
3UHVV���

<RFNQH\�,��1XJHQW�*�������6FDYHQJLQJ�RI�SRWHQWLDOO\�WXEHUFXORXV�IHUDO�SLJ�FDUFDVVHV�LQ�WKH�
1RUWKHUQ�6RXWK�,VODQG�KLJK�FRXQWU\��8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�
/&����������/LQFROQ���

<RFNQH\� ,�� 1XJHQW� *� ������ 5HODWLYH� HIIHFWLYHQHVV� RI� WKH� -XGDV� WHFKQLTXH� LQ� UDSLGO\����
UHGXFLQJ� SLJ� QXPEHUV� LQ� SDUW� RI�0ROHVZRUWK� 6WDWLRQ�� $Q� RSHUDWLRQDO� WULDO�� /DQGFDUH�
5HVHDUFK�&RQWUDFW�5HSRUW�/&����������

<RFNQH\� ,��:DUEXUWRQ�%�� 3DUNHV� -� ������9HUWHEUDWH� 3HVW�0DQDJHPHQW�$GYLFH�� )HUDO� SLJV��
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&����������

�


